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YUKSOK TOZYIQLI SIYIRTMOLORDO SiPORIN RESURSUNUN
ARTIRILMASINDA YENI MATERIAL SECIMI iL® BAGLI
TODQIQATLARIN NOTICOLORI

'Elman Oliyev, 2ibrahim Habibov, 3Zohra Abiyeva

"Miidir milavini, “Nanomateriallar vo nanotexnologiyalar” ETL, Azarbaycan Dovlot Neft vo Sanaye
Universiteti, iqtisadiyyat iizro folsofo doktoru , Azarbaycan.

2Kafedra miidiri, “Miihondis vo kompiiter qrafikas1” kafedrasi, Azorbaycan Dovlat Neft vo Sonaye Universiteti,
Texnika {izro elmlor doktoru, Azorbaycan. E-mail: h.ibo@mail.ru

3Assistent, “Miihondis vo kompiiter qrafikas1” kafedrasi, Azorbaycan Dévlot Neft vo Sonaye Universiteti,

Azorbaycan. E-mail: zohra.abiyeva@asoiu.edu.az

XULASO

Neft-moadon avadanliglarinin resursunun artirilmast vo maya doyarinin azaldilmasi miiasir
neft-masingayirma sonayesinin prioretit saholordondir. Madan tacriibasindon molumdur ki,
styirtmoalarin 50%-don ¢oxu, siparlorin sathinin korroziya vo yeyilmosi sababindon intensiv
tomiro moruz qalir. Moagalado siyirtma siparinin is¢i sothinin xrom-molibden torkibli poladin
totbiqi ilo yeyilmoyo qarst davamliginin artirllmasinda istifado olunan texnoloji todbirlorin
naticolori oks olunmusdur.

Miioyyon edilmigdir ki, totbiq olunan texnologiyanin kdmaokliyi ilo siparlords siirtiinmoyo
qars1t miigavimoti 6z analoqun ilo miiqayisads 1,2-1,3 dofs artir vo siirtlinmo omsali 10-15%
azalir.

Acar sozlar: yiiksok tozyiqli siyirtma, sipar, xrom-molibden tarkibli polad, barklik, siirtiinma.

Movzunun aktualh@r: Neft vo qaz sonayesinin somoaraliliyi burada aparilan keosfiyyat vo
qazma islorinin naticalori, hasilatin hacmi ilo yanasi, bu sektorda totbiq olunan texnoloji pro-
seslorin miikommeolliyi, istifado olunan avadanliq vo texniki vasitolorin istismar gostori-
cilorinin yiiksokliyi, ragabat qabiliyyati, eloco do resurslarindan ciddi sokilds asilidir. Bununla
olagodar olaraq, neft-modon avadanliglarinin istehsali ilo mosgul olan neft-masingayirma
miiossisalorinde iqtisadi effektliyi vo uzundmiirliiyii ilo segilon, yiiksok keyfiyyot vo rogabot
qabiliyyatli mohsullarin hazirlanmasi boyiik shamiyyat kasb edir.

Hal-hazirda neft-moadon praktikasinda yeriist vo yeralti toyinatli genis ¢esidli avadanliglar
istismar olunurlar [1, 2]. Bu sirada neft vo gqazin hasilinda, eloco do noglinds istifado olunan
siyirtmolor xiisusi ohomiyyat kosb edir [3].

Azorbaycanin neft vo qaz sektorunda asason pazli vo siporli siyirtmolordon istifado olunur.
Sonuncularin totbiq soviyyesi imumi sayin yarisindan ¢goxunu togkil edir. Bu tip siyirtmolordo
bas veron imtinalarin sabablorinin tohlili ils bagl apardigimiz arasdirmalarin naticalari olaraq
onlarin 4 qrupda tosnifatlagmasi miinkiin olmusdur:

- sipar-yohar ciitliiyiiniin yeyilmasi vo deformasiyasi - 56-58%;

- kiplondirici manjetlorin isqabiliyyatinin itirilmasi - 32-34 %;

- spindel-qayka birlosmasinin yeyilmasi 8-9%;

- digorlari 1-2%.
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Sokil 1-do 3M-65%x21 markali siyirtmonin siporinin konstruktiv qurulusu ve dlgiilori
verilmisdir.

205
8 |—————— H- &
2
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a) b)

Sokil 1. 3M-65x%21 markali diiz axinli siyirtmonin (a) va siparin konstruksiyast (b)

Miioyyan edilmisdir ki, siyirtmalor is prosesindos aqressiv miihitin, eloco do dovri vo sok-dovri
yiiklorin tosirine moruz qalirlar. Digor torofdon profilaktik totbirlora ciddi riayyetin
edilmomasi sababindon onlarin baglayici va kiplondirici diiyiinlorin quruluslarina daxil olan
hissolorin tomas sothlorinde intensiv deqradasiya proseslori (korroziya vo deformasiya) bas
verir vo son olaraq bu hissolordo yeyilmo vo miixtolif xarakterli asinmalar bas verir.
Umumilikds avadanligda imtinalarm yaranma tezliyi artir vo onlarin resus azalir.

Isin magsadi: Yiiksok tozyiqli siyirtmolorde siperin resursunun artirlmasinda yeni material
seciminin asaslandirilmasi.

Tadqiqatin metodikas1 vo istifado olunan materiallar: Todqigat isinin reallasmasinda
asagidaki yanasma prinsipi qobul edilmisdir. Yoni, siyirtmalorin istismar miiddotini artirilmasi
tokca onun konstruktiv tokmillagdirilmasi deyil, eyni zamanda miiasir miitoraqqi texnologiya-
lara osaslanan yeni texniki imkanlardan istifads etmak siparin yeyilmays qarst davamliginin
yiiksaldilmasi. Beloki, konstruksiyanin tokmillogdirmasi homiso gozlonilon effektlo natica-
lonmir, digor torafdon avadanligin maya doyerinin artmasina shomiyyatli deracads tesir edir.
Problemin ugurlu holli iiglin klassik yanasma {isullarindan (siporin sothinin miihafizosindo
polimer materiallardan istifads, miixtalif qalvanik proseslorin totbiqi vo s.) forqli olaraq
stirtiinon hissalorinin sothdo yeni texnologiyalara osaslanan vo yiiksok somaoraliyi ilo segilon
texniki va texnoloji hall yolu qobul edilmisdir.

Bu halda siyirtmalorin rogabot gabiliyyatinin, istismar miiddstinin artirilmasina, istehsal
xarclorini azaldilmasina, kontakt sothlor arasinda siirtiinmo omsalinin, o ciimloden yaglama
totbiq edilmodikds, ohomiyyatli doracado kigildilmasing, avadanligin imumi Olgtilorini vo
metal tutumunun, sas, eloco do titromolorin miqdarinin azaldilmasma nail olunmusdur.
Qoyulmus moagsado nail olmaq tigiin yiiksok legirli polad asagi legirli poladla ovoz olunmus
vo siparin is¢i sathinin borkliyinin va yeyilmo davamligmin yiiksaldilmasi tiglin kompozit
ortiik materialin torkibi, eloco do onun emal texnologiyasi islonmisdir.
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Todgiqatin obyekti: Todgigat obyekti qismindo “AzINMAS” ETI torofindon layiha-
londirilmis vo modon soraitindo genis totbiq tapmis 3M-65x21 markali siyirtmolordon istifado
olunur. Bu tip siyirtmolorde sipar 12XI18H10T markali poladindan hazirlanir. Siyirtmo
siparinin doymao tablandirma omoliyyatlarindan sonra mexaniki xassolori o qodor do yiiksok
olmayib axiciliq haddi - 64,=236 MPa, déziimliiliik haddi - 6,=550 MPa olur. Oziiliililyii vo
plastikliyi ¢ox oldugundan cililanmir. Tablamanin yiiksok temperaturda aparilmas: bu
temperaturun oldo edilmosi ii¢lin xiisusi yiiksok temperaturaya malik sobalardan istifado
olunmasini talob edilmasi, istehsal texnologiyasinin miirakkabliyini vo maya dayarinin yiiksok
olmasini nazors almaq lazimdir. Ona gora siparlorin hazilanmasini torkibi xrom- molebden
birlogmosi olan 25XMA markali legirlosmis poladdan hazirlanmasini toklif edirik. Kimyovi
torkibino goro bu poladin torkibindo asagidaki komponentlor vardir: C = 0,22-+-0,29;
Si = 0,17+0,37; Mn = 0,60+0,90; Cr = 0,90+1,20; Mo = 0,15+0,30 [6]. Eyni zamanda
kompozisiyanin torkibinde xromun (Cr) olmasi onun barikliyinin vo yeyilmoys qarst
davamligin, molebden (Mo) iso yiiksok tursu miihitino miigavimoti ilo xarakterizo olunur.
Molibden, xrom kimi domir kristal qofose malikdir, atomlarin radiuslar bir-birins yaxindir vo
domir atomunun radiuslarindan az forqlonir. Bu iki amil - kristal gofosin ortagligi vo
radiuslarin yaxinlig1 - molibdenin, xromun vo onlara bonzar bazi digor elementlorin domirdaki
atom Olciisii vo gofos qurulusunda yaxst hall olmasini v naticads yiiksok arinti qabiliyyastini
toyin edir. Eyni zamanda molibden yiiksok istilik miigavimatino malikdir, xiisusilo ytliksok
temperaturda vo yiiksok siirtlinma soraitindo bu effekt 6ziinti daha giiclii sokilds biruzo verir.
Bundan olave, molibden poladlari, demak olar ki, nikel istisna olmagla, biitiin ylingiil legirli
poladlarda miisahido olunan "temperaturdan sonra kovroklik" ilo xarakterizo olunmur. Bu,
daxili streslor olmadan istilikls, yoni artan plastiklik ilo islonmis polad aldo etmoyo imkan
verir. Molibden poladlar asagidaki kombinasiyalarda istifado edilir: molibden-xrom,
molibden-nikel, molibden-xrom-nikel, molibden-xrom-vanadium. Umumiyyatlo molibdenin
miqdari 0,2-0,5% olur vo bazi hallarda iso 1% c¢atir. Pastahda lazimi sixlig1 tomin etmok tigiin
o ilkin olaraq doymo, sonra tablanma omoliyyatlarina ugradilir. Pastahin borkliyini artirmaq
ticlin iso o 8500°C-yo qizdirilir vo sonradan suda soyudulur. Yiiksok borklik almaq iiclin
termiki emal prosesi davam etdirilir — 2000C-ya qodor qizdirilaraq havada soyudulur. Bu
halda 25XMA markali polad asagidaki texniki xarakteristikalar1 ilo sociyolonir:
42-50 HRC; o, ,= 406 MPa; o1, = 540 MPa.

Avadanhq va smaq niimunalori: Sinaq niimunslorinds yeyilmoaya qarst miiqavimatinin
qiymatlondirilmasi ilo bagh tacriibslor universal MMW-1 qurgusunda sokil 2-do gdstorilon
sxem iizra yerina yetirilmisdir.

Hor iki materialda bas veran yeyilmonin dayarlondirilmasi polad 25XMA-dan (Q:1 qrupu) va
polad 12X18H10T (Q2) miiqayisali sokilda, dl¢iilori dx1 = 4,7x12,7 mm olan silindrik formada
hazirlanmis niimunoslordo aparilmigdir (sokil 2).

Qeyd etmok lazimdir ki, toklif olunan texnologiyaya goroe polad 25XMA niimunalor 850 °C-
yo godoar qizdirilmis, sonra suda soyudulmus vo daxili gorginliyi ¢ixarmagq iiciin tokrar 200 °C
qizdirilmis vo havada soyudulmusdur. Bu halda onlarin barklik gostaricilori 42-50 HRC
olmusdur.

Niimunalora verilon yiikklomo miixtolif rejimlordo (P = 100N, 300N vo 500N) icra olun-
musddur. Sinaq niimunolorinds is¢i sotlorin borkliyi YT-5021 M-01 markali universal Rokfel
cihazinda TOCT 9013-59 (01.10.2001 doyismo vaxti) toloblorinine uygun miioyyan
edilmisdir.
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Sinaglar prosesinda siirtiinma yolu L = 260 m va dovrler say1 n = 1000 dovr/daq qobul
olunmugdur. Sinaq niimunslorinin ¢okisi TBE-2.1-0.01 markali elekton torozids yerino
yetirilmisdir. Sinaqlar prosesindo niimunalords ¢okinin nisbi doyismasi AM = M1-M2/M1 va
yeyilma intensivliyi J = M1 -M2/t ifadslori ilo miioyyon edilmisdir. Burada M1 vo M2 (qramla)
uygun olaraq sinaq niimunslorinin yeyimanin baslangic vo sonuna olan ¢akisidirlor; t — sinaq
miiddatidir, saatla; J — yeyilmo intensviliyidir, g/saatla.

Q1 grupuna daxil olan niimunslor.
Polad 25XMA

-
Q2 grupuna daxil olan niimunslor.
Polad 12X18H10T

2

b)

Sokil 2. Yeyilo sxemi (a) vo sinaq niimunsloari (b)

Alinmis naticalar va onlarin miizakirasi: Standart sinaq niimunolorinin istifadosi ilo aparilan
tacriibalorin naticalori cadval 1-do oks olunmusdur. Codvalds toqdim olunan gostoricilorin
miiqayisali tohlilindon goriindiiyli kimi yeyilmoyo garst on asagi dayaniqliliq gostoron
niimunalar Q1 qrupuna aiddirlor. Bu niimunslords nisbi yeyilmanin qiymati AM = 3-5% toskil
etmisdir.

Cadval 1
Standart sinaq niimunolorinin istifadasi ilo aparilan tocriibslorin naticolori
.. Q1 Q2
Gostericilor ™50y 300N 500N 100N 300N 500N
AM, gr 0,652 0, 684 0,897 0,401 0,434 0,498
f 0,162 0,175 0,196 0,151 0,165 0,181
J, qr/saat 0,012 0,023 0,098 0,008 0,013 0,054
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Sinaq niimunalarine verilon yiikiin miqdar1 artmasi nisbi yeyilmo amsalinin miitonasib olaraq
artmast miioyyon edilmisdir. Eyni zamanda miioyyon edilmisdir ki, yeyilmo intensivliyi sinaq
niimunasing tasir edon yiikiin qiymatinin doyismasindon asili olaraq tonzimlonir.

Beloliklo, yiiksok tozyiqli siyirtmolords siporin resursunun artiritlmasi ilo bagli aparilmis
totqiqatlaran asasinda asagidaki naticalori formalagdirmaq olar.

Noticalor: Toklif olunan 25XMA markali xrom-molebden torkibli polad yiiksok tozyiqli
styirtmolordo yeyimoyas va korroziyaya garsi davamliliq niimayis etdirir.

1. Miioyyan edilmigdir ki, 25XMA markali xrom-molebden torkibli poladin yeyilmayo qarsi
miigavimat gabiliyyati 6z analoqu ilo miiqaisado 1,2-1,3 dofs artiq va siirtlinmos omsali 10-
15% azdir.

ODOBIYYAT

1. Bab6aes C.I'., Kepmenbaym B.S1., [[abu6os 1. A. DBomionus KadecTBa TPHOOCOPSIKCHHIMA
HedrerazoBoii TexHuku. — MockBa-baky: HUHI', 2018. — 526 c.

2. Babaes C.I'., Kepumo B.M. M3HOCOCTOMKOCTh 3aTBOpa 3aJBMKEK C YIUIOTHEHUEM
™MHAa  «MeTtami-Metaiu».  Saarbriicken, Deutschland, LAP LAMBERT Academic
Pablisching, 2015. — 101 c.

3. Aslanov C.N., Eyvazova Z.E., Hiseynli Z.S., Bayramov F.H. Magm, qurgu vo
avadanliglarin layiholondirilmasi. — Baki. 2020 — 244 s.

4. AmueB D.A., T'acanoB K.C. IloBbimieHne 3¢p()eKTHBHOCTH W3HOCOCTOMKOCTH IIIIYH)KEPOB
mTaHTOBBIX TIYOMHHBIX HacocoB. ADNSU. “Avadanliglar. Texnologiyalar.Materiallar.”
Elmi texniki jurnal 1.2019.s0h.13-17.

5. Mmyrep, M. A. YckopeHue U yCOBEpIIEHCTBOBAHUE XPOMUPOBAHUS JieTane Mari / M.
A. lnyrep. — Mockpa: Mamrus, 1961. — 166 c.

6. Dnextponnsli cnipaBouynuk WinSteel. GB/T 3077-2015 JlernpoBaHHbBIE KOCTPYKITMOHHBIC
CTaJIH.

RESULTS OF RESEARCH ON THE CHOICE OF MATERIAL TO INCREASE THE
RESOURCE OF THE SHIELD IN HIGH PRESSURE VALVES
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ABSTRACT

Increasing the resource and reducing the cost of oilfield equipment is one of the priority areas
of the modern oil engineering industry. It is known from mining experience that more than
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50% of valves are subject to intensive repairs due to corrosion and wear of the surface of the
shields. The article presents the results of technological measures used to increase the
corrosion resistance of the working surface of the shutter shield with the use of chromium-
molybdenum steel.

It was found that with the help of the applied technology, the friction resistance of the shields
increases by 1.2-1.3 times compared to its analogue and the coefficient of friction decreases
by 10-15%.

Keyword: high pressure valve, shield, chromium-molybdenum steel, hardness, friction.
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YERIN TOKININ TEMPERATURUNDAN ALTERNATIV ENERJI
MONBOYI KiMi iSTIFADONIN PERSPEKTIVLIYI

Rasim 9liyev

Baéyiik elmi isgi, “Neftin, gazin geotexnoloji problemlori vo kimya” ETI, Azorbaycan Dévlot Neft vo Sonaye

Universiteti, yer elmlori {izrs elmlor doktoru , Azarbaycan. E-mail: rasim_aliyev@yahoo.com

XULASO

Istilik nasoslari - otraf miihitin (torpaq, su vo yaxud havanin) asag1 potensiall1 istiliyini yasayis
vo istehsalat saholorinin qizdirlmasi vo isti su tochizati iiclin yliksok potensialli istilik
enerjising ¢eviron qurgudur. Bu nasoslarinda an genis istifado olunan istilik enerjisi monbayi
kimi torpaq nazords tutulur. Torpaqdan istiliyin alinmasinda bagli konturlarinda torpagin
istiliyini istilik nasoslarina otiiron istilik dasiyicist horokot edon saquli vo yaxud iifliqi qrunt
kollektorlarindan istifads olunur. Istifads olunacaq sahonin az oldugundan asason dorinliyi 50-
150 metradok olan saquli qrunt kollektorlarindan sitifads olunur.

Acar sozlor: geotermal vo geodinamik qradient, potensialindan istifads, istilik nasoslari,
torpaq, su vo yaxud havanin asagi potensialli istiliyi.

Problemin aktualligi: Torpaq on universal istilik monboyidir. O, giinos enerjisini
akkumulyasiyas1 va il boyu yer niivesindon aldigi istiliyin hesabina qizir. Malumdur ki,
torpagin havanin temperaturundan asili olmayan soviyyasi ¢ox da dorindo deyildir.
Azorbaycanda bu darinlik togriban 1 metra qadar olub, 5-8 °C-don asag1 olmur.

Sokil 1-do uygun olaraq yer sothino yaxin orazilords (a) vo  doniz, eloco do okeana yaxin
orazilordo geotermik qradientin doyigsmo sxemlori verilmisdir.

Mamepux
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Sokil 1.Geotermik gradientin doyisma sxemlori.

Umumiyyatlo, yerin temperatur qradienti diinyanin miixtolif ndqtolori {igiin  farglidrlor.
Azorbaycan orazisi tiglin temperatur qradienti 33 metro borabordir.

Diinyanin illik izoterm xoritosi A.A.Polovinkin torofindon hazirlanmigdir (bax sokil 2).
Movstimdon asili olaraq temperater doyisir.

Azorbaycan Respublikasi genis geotermal resurslara malikdir vo bu faktor ohalinin, eloca do
istehsal saholorinin yanacaq-enerci tochizatinda miihiim amillordon hesab olunur. Bu sobabdon
todqiqar igsindo asasidaki mogdsad qoyulmusdur.
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Isin maqsadi: Azorbaycanda geotermal resurslarin alinin, yanacag-enerci tochizatinda rolu va
inkisaf perspektivlorinin tohlili.

Sokil 2.Diinyanin illik izoterm xoritosi

Tadqiqatin naticalorinin miizakirasi: Torpaqdan istilik alinaraq onun buxarlandiriciya
verilmoasi ¢ox hallarda nasos vasitosilo yers basdirilmis borularla vo duz mohlulunu dévran
etdirmokls olds edilir.

Istilik nasoslar1 - otraf miihitin (torpaq, su vo hava) asag1 potensialli istiliyini yasayis vo
istehsal saholorinin qizdirlmas: vo isti su tochizati iiclin yiiksok potensialll istilik enerjisino
¢eviron qurgudur.

Istilik nasoslarinin is prinsipini adi soyuducunun is prinsipi ilo miiqaiso etmok olar. Burada
orzaqin soyudulmasi ii¢ilin istilik soyuducu kameradan alinir vo kompressor vasitosilo yasayis
sahasing verilir. Istilik nasoslari, 6z ndvbasinds otraf miihitin borpa olunan istilik enerjisini
akkumulyasiya edir vo binanin istilik va isti su tachizati sistemina Otiirtir.

Istilik nasoslarmin islomosi {i¢iin asag1 potensialli istilik monbaoyi vo istilik nasoslarmin
mexanizmlorini harokoto gotirmok iiclin elektrik tochizati lazimdir. otraf miihitin istilik
manbayi kimi giinasin istiliyini toplayan torpaq, su va yaxud hava ola bilar.

Istilik nasoslarinda on genis istifado olunan istilik enerjisi manboyi kimi torpaq nozordo
tutulur. Torpaqdan istiliyin alinmasinda bagli konturlarinda torpagin istiliyini istilik
nasoslarina otiiron istilik dasiyicis1 harakeat edon saquli vo yaxud iifiiqi qrunt kollektorlarindan
istifado olunur. Istifado olunacaq sahonin az oldugundan osason dorinliyi 50-150 metrodok
olan saquli qrunt kollektorlarindan sitifado olunur.

Istilik nasoslarinin {istiinliiklori asagidakilardir:

- ekoloji tomizlik — torpaqdan istiliyin alinmas1 zamani yanacaq yandirilmir vo atmosfera CO2
tullantilar1 atilmir. Hom otraf miihit {i¢lin hom do insanlar tamamilo tomiz isitma-Soyutma
sistemidir;

- yiiksok FI® malikdir (faydali is omsali) — 1 kVt istilik enerjisinin almmasi iiciin istilik
nasoslarinin elektrik cihazlariin islomasina bozi hallarda 0,17 kVt elektrik enerjisi sorf
olunur;

- iqtisadi somaralilik - enerji monbayi qisminds sarfiyyatsiz, mohdudiyyatsiz va otraf miihitin
barpa olunan istiliyindan istifade etmok imkanlari;

- tohliikosizlik — burada aciq alov yanma, toksik tullantilar vo qaz axmasi istisna olunur,
yanacaq iiclin anbara ehtiyac olmur;
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- avtonomluq vo uzun, togribon 25-30 il miiddotindo islomok imkanlari, praktiki olaraq
texniki xidmat talob olunmur;

- uygunlagsma imkanlar1 — istilik nasoslar1 prinsipial olaraq hor bir dovredici istilik
sistemlorino qosula bilir;

- komfort — miiasit istilik nasoslar1 sassiz igloyir vo avtomatik idarsetms sistemi vo multizonal
iqlim nozarati yasayis vo is orazisindo olverisli gorait yaradir.

Sokil 3-do yerin tokinin temperaturundan alternativ enerji manbaoyi kimi istifadsnin prinsipial

sxemi verilmisdir.

!'r"

e =N0

l

]

Sakil 3. Yer tokinin temperaturundan istifadonin prinsipial sxemi

Istilik nasoslarmin layihalondirilmesine, avadanligma vo onun qurasdirilmasina ¢okilon kapi-
tal xarclori 7-10 il olan 6ziinii 6doma miiddati bitdikdon sonra tamamils sorfiyyatsiz yasayis
vo ya is saholorinin isti vo soyuq hava vo daimi isti su tochizati ilo tomin olunmasi 6ziinii
dogruldur. Qeyd olunan istiinliiklori vo enerji dasiyicilarinin qiymetlorinin durmadan
artmasint vo uzunmiiddoatli perspektivda istismar xaorclorini nozoro alaraq, belo naticaya
golmak olar ki, istilik nasoslar1 anenovi qizdiric1 qazan sistemina layiqli alternativ ola bilar.
Pik yiiklorin baglanmasi ii¢iin alavo olaraq ononovi istilik monbayi qismindo elektrik vo qazla
isloyon qizdiricilardan istifade etmok olar. Qizdiricilar istilik nasoslari ilo paralel istilik
dasiyicisinin qarigiq aximina) vo yaxud ardicil (istilik dasiyicisinin lazimi temperatura qador
qizdirilmasi {igiin) is rejimine qosula bilar.

Istilik nasoslar1 on yiiksok somoraliliys malik qaz istixanalarindan 1,2-1,5 dofa vo elektrik
qizdirict qazanlarindan 6-7 dofo somoralidir. Isitma giicli 5 kVt olduqda elektrik enerjisi ilo
isloyon isitmo sistemi ilo miiqaisads illik qonaat togribon 1200-1600 kVt caat toskil edir.
Toqribi hesablamalara gora ononavi isitmo sistemlor istifade olundugda 35 000 m? orazinin
isitmo-sOyutma va isti su ilo tochizatina sorf olunacaq istismar xarclari il arzinds 45 000 azn
toskil edacak, istilik nasoslarindan istifads etdikds iso bu ragom 7200 azn toskil edocok.
Isitmo mé&vsiimii orzindo (oktyabr- may aylar1) 100 m? yasayis sahosini elektrik sabasi ilo
qizdirmagq ticiin 37 440 xVt enerji lazim oldugu halda, istilik nasoslart comi — 12 024 xVt
isladir.

Belolikla, yerin tokinin temperaturundan alternativ enerji monbayi kimi istifads ilo bagl
togdiqatlarimizin noticalorini asagidaki kimi formalasdirmaq olar:

Naticalor: 1. Azorbaycanda geotermal resurslardan istifado edorok enerji hasil edilmosi
ehtimali boyiikdiir.
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2. Sulu laylardan alds edilon istilik arazinin isidilmasi vo ya texnoloji istilik magsadils - istilik
nasoslarindan istixanalarda istifads edils bilor.
3. Movcud temperatur vo isti su resurslarinin otrafli xoritolosmosi zoruridir.
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PROSPECTS FOR THE USE OF SUBSOIL TEMPERATURE AS AN
ALTERNATIVE ENERGY SOURCE

Rasim Aliyev
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ABSTRACT

Heat pumps are devices that convert low-grade heat from the environment (soil, water or air)
into high-grade heat energy for heating residential and industrial areas and hot water supply.
Soil is considered the most widely used source of heat energy. Vertical or horizontal surface
collectors are used to transfer heat from the ground to heat pumps in closed circuits to obtain
heat from the ground. Due to the small area, vertical soil collectors with a depth of 50-150
meters are mainly used.

Keyword: geothermal and geodynamic gradient, potential use, heat pumps, low potential
heat of soil, water or air.
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CTALMOHAPHBIE IBUKEHUS HEC)KUMAEMBIX HE(I)TEIZI B
OJHOPOJHOMU ITOJYCOEPHUYECKOMU 3AJIEXXU BOJbBIIOU
MOIIHOCTH 11O PA3JIMYHBIM 3AKOHAM ONJIBTPAIIUN

Jlajga IN'ag:xkueBa

Horenr, xadpenpa “HedrerazoBoe odbopynoBanne”, Azepbaiimkanckuii [ocynapcTennsiii Yansepcurer Hedrtu

1 [IpOMBINUICHHOCTH, KaHIUAAT TEXHMIECKUX Hayk, AzepOaiimkan. E-mail: lala.haciyeva5 1 @mail.ru

PE3IOME

Pemiensl Tpu cranMoHapHble THAPOJAMHAMMYECKHE 3a/laud O Mosyc(epruuecKu-paanaibHbIX
MOTOKaX (MIBTPALUHN B OJHOPOAHOM IUIACTE OOJBIION MOITHOCTH HEHBIOTOHOBCKHX HE(TeH
[0 pa3lIMYHbIM HEJIMHEHHBIM 3aKoHaM (uibTpaluu. BeiBeneHsl (opMysbl BCEX OCHOBHBIX
mokaszarenieil pa3paboTKH, TO ecTh ne0uTa CKBaXHHBI, CKOPOCTH (MIBTpAalMH, TEKYIIHX
JIaBJIEHUs] U TpaJeHTa JaBieHus U T.1. Bce 3T dopmynbl HEOOXOIMMO HUCIOIB30BaTh MPH
peIICHNH PA3JIMYHBIX TEOPETHYECKUX 3aaad pa3pabOTKH, B TOM YHCIE HPU COCTABICHHH
IIPOEeKTa pa3pabOTKU HOBOI'O Pa3BEJAHHOTO MECTOPOXKIECHUS YKa3aHHOIO TUIA. AHAJIU3UPYS
Mpe/UIoKeHHBIE (POPMYIIBI MOKHO BBISIBUTH XapakTepHBbIE OCOOEHHOCTH DPa3pabOTKH TaKMX
3ajexxell, pa3paboTaTh M BHEAPATH MEpONPHUATHUS AJIsl YCTpAaHEHMs aBapuid, B pe3yJsbTaTe
MO>KHO TIOBBICUTH HEPTEOTAAUY ITUX 3aJIEHKEH.

KiroueBble cjioBa: cTallMOHApHOE JBM)KEHUE, HEHbIOTOHOBCKAst He(Th, 3aKOH (HIIBTPALIUH,
nonychepruyeckasi ApeHakHas 30Ha, JEOUT CKBaKUHBI, CKOPOCTh (PHIIBTpAIlMU, pacrpeaesne-
HUE JIaBJICHUS, TPAJUEHT J1aBJICHUs, IPOIOJDKUTEIIBHOCT POIBUKEHHUS.

XULASO

Miixtolif geyri-xatti filtrasiya qanunlarina uygun olaraq, boytlik giivvoys malik olan homcins
layda geyrinewton neftlorin yarimsferik-radial filtrasiya axinlarinin {i¢ stasionar, hidrodinamik
problemi hall edilmisdir. Biitiin osas islomo gostaricilori, yoni quyu debiti, filtrasiya siirati,
cari tozyiqlor vo tozyiq qradenti vo s. Uigiin diisturlar alimib. Biitiin bu diisturlart miixtalif
nazari isloma problemlorini hall edorkan, o ciimladen, gostarilon yeni tipli todqiq edilmis tozo
sahonin iglonmasi tigiin layihonin hazirlanmasinda istifado etmok lazimdir. Toklif olunan
formullar tohlil edarak, bu ciir yataglarin islonmasinin xarakterik xiisusiyyatlorini miioyyon-
logsdirmok, qozalar1 aradan qaldirmaq {cilin todbirlor hazirlamaq vo hoyata kegirmok
miimkiindiir, naticads bu yataqlarin neft hasilatin1 artirmaq miimkiindiir.

Acar sozlar: doyismoz harokat, geyrinyuton neft, filtrasiya qanunu, yarimsferik drenaj zonast,
quyu debiti, filtrasiya siirati, tozyiq bolqiisii, tozyik qradiyenti, yeritmanin miiddati.

AKTYyaJIbHOCTh TeMbl. B [1aHHOW cTaTbe NpPENCTABIECHbl PE3YJAbTAaThl PELIEHUS Tpex
THAPOJIMHAMUYECKUX 3a7jad O MOoJIyC(epUYeCKU-paiiajbHbIX  IMOTOKAaX HEC)KUMAEMbIX
HedTel B OIXHOPOTHOM IuTacTe OOJNBIION MOIIHOCTH TO HENWHEHHBIM 3akoHaM Cmpekepa,
OO6mieit HenmuHEHON 1 MoaAuUIIMpOBaHHOM Moenu KeccoHa.

Ha pucynke 1 mana cxema cucteMsl «oiychepruecKu-pananbHas 3ajJeXb — [EHTpaIbHas
CKBa)XMHa», Ii€ MPEACTaBIEHbl CIEAYIOIINE yClIoBHe 0003HadeHus: Pk — miactoBoe naBie-
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Hue, P. — nuHammuueckoe 3a00iHOe AaBlieHuEe CKBaXXUHBI, P — Tekymiee naBnenue, Rk — pagmyc
KOHTYpA MMUTAHMUS, I — TEKYILIHUHN paguyc BEKTOP, I'c — PAANYC CKBAXKHHBI.

Pucynok 1. Cxema cuctemsl «ronychepruueckiu-paaranbHas 3a1eXb — LeHTpallbHas
CKBAYKUHA.
1. B mepBoii 3amaue QuiabTpamysl HEC)KUMAeMOH HEHBIOTOHOBCKOH HE(TH IMOIIHHSETCS
HeIMHeWHOMY 3akoHy CMpekepa, mpeacTaBiseMoMy B nuddepenimansuoit popme [1].

dPg
g = il 1
C( rj 1)

e 9 —Tekymas ckopocTh Guibtpartmu  HeprH; C —KodpPuuMeHT PUIBTpaIHHU
dP

(TOIBM>KHOCTH); d_ — TEKyILIUH TPaJUCHT JaBICHUS.
r

[Tnouanp Tekymen nonycpepuyeckoi moBepXHOCTH (pUIbTpaLnu, Oyaer:

F =2mr’ )
N3 popmyn (1) u (2) nedbut ckBakuHbl, OyeT:
3
Q=F-8:2nr28=2nr2C(cfi—fJ2 ®3)

Pa3znenss Ha nepemenHble AuddepeHnnanbabie ypaBHeHue (3) 1 HHTETpUpysl €ro B mpeenax
1o P ot P« 1o Pc u o r o1 Rk 110 I'c 1 yuuThiBas 3HaueHue (2) BpIBEICHA clieayromias ¢popmyia
neburta JaHHON HEHHIOTOHOBCKOM HE(TH CKBa)KUHBI:

3
QZZTCC(Pk_PC)Z (4)
3
¥ -
R}

A rtenepb uHTerpupyeMm auddepenunansuoe ypapHenue (3) B CIEAYIONMX IPYTUX Mpeaenax
moPorPxmoPumnoror Rckmor:
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25 -n-r ®

[Moncrasnss 3nauenue nedura Q usz Gopmynsl (4) B Gopmyse (5), momydaeM ClIeayrOLIMi
3aKOH paclpeie]ICHUs TeKYIIETO AaBJICHHs B JIPCHAXKHON 30HE 3aJICHKH:

p:pk_(Pf;Pc)z. i1 (6)
3 3 3
1 1 A%
R
P R}

Juddepenuupys napiaenus P B Gopmyne (6) mo I, moiydaeM claeayrouryr (Gopmyny s
TEKYIIEero rpaIueHTa IaBJICHUS:

dP P -P 1
— ( k C ) T (7)
dr 3 rg
1 1 ¢
R
PRy
N3 dpopmyisl (7), HaX0AUM CIEAYIOIYIO GOPMYITY JUIsl TEKYLEH CKOPOCTH (PUIbTpaIiU:
P -P 1
oo k (B-R) .
H 3 .3
1 1| "
N
PR

YacTtranas MMPOAOJIKUTCIIBHOCTD IMTPOABMIKCHUSA HEHBIOTOHOBCKOM He(i)TI/I OT IIOJIOKEHUA I' 10
CKBA>XHWHBbI, HAXOAUTCA U3 CICAYIOIICTO U3BCCTHOTO ,Z[I/I(I)(I)CpCHL[I/IaJIBHOFO YpaBHCHUHA:

9 dr
wW=—=——, 9)
m dt
re W —CpeaHsis HCTUHHAS CKOPOCTH JBMKEHUS HEHBIOTOHOBCKOUM HE(DTH B MOPOBBIX KaHAlIaX
MOpOo/bI TacTa; ! —Bpems; 111 —KodQPUIIMEHT MOPUCTOCTH TIIaACTa.
[Moacrapnss 3Hauenue & u3 (opmynsl (8) ypaBHeHMH (9) M HHTETrpHpys MONYYEHHOE

YpaBHEHHUE 110 [ OT HyJIs 10 [ W 110 I' OT I' 10 I, MOTy4acMm:
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3
1
mw —r——7
0 3 RE ro 4
[dt=- fc L [ridr. (10)
! k(Pk_PC) e
2
1 1]
dmp -
s R LA
f= e -l (11)
7k(Pk_Pc)

[To popmyne (11) ompenensiercs 4yacTHYHAS TMPOAODKHTEIBLHOCTh MPOJIBMKCHUS HEHBIOTO-
HOBCKOH He(TH OT I 110 F..

[SIRN]

1 1
3my ———
po i R (pr
= S —r2 . 12
7k(Pk_PC) ( ¢ Cj ( )

[To dopmyne (12) ompenensieTcs TOJIHAS MPOAODKUTEIBHOCTh TPOJBIXKCHUS HEHBIO-
TOHOBCKOM HE(TH B JIPEHAKHOH 30HE 3aJIeXKH OT KOHTYpa MUTAHUS 10 CKBAYKUHBI.

2. Bo BTOpoii 3amade, GpuiabTpanys HEC)KUMAEMO HEHBIOTOHOBCKON HE(PTH MPOUCXOTUT TIO
o01ieMy HeTMHEHHOMY 3aKOHY B HoJycepudecKkoi 3alexu, BeIpaxaromeMy B auddepen-

nuansHoi opme Tak [2,3]:
9 C(d_Pj” (13)
dr

YuuThiBas 3HAUYE€HUE IUIOMIAAN TEKyIIed MOBEpXHOCTH (unbTpanuu B Gopmyne (2) B
dbopmyne (13), momyyaem:

1
QZS'FZS'ZTE-I’ZZZTC-VZC(—) (14)

Paznenss Ha nmepemennsie quddepennmranbaoe ypaBHeHue (14) 1 HHTETpUpYys €ro B mpeeax
1o P ot Pk 1o Pc u o r ot Rk 110 I , BBIBOAMM (POpMYITY JUTs OTIpEeTICHUS] 3HaYeHHs 1e0uTa

CKBA)XXUHBI, B BUJIE:
1 1
n

(A-2n) (P, - P.)

( 1-2 1-2 )1
R©2 ),
N3 gopmyisl (15) ¢ yuerom (2), mosydaem (hopmymy JUist TEKYIIeH CKOPOCTH (UIbTpAINHY, B
BUJIE:

Q=2nC-

(15)
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Sz%:C-(l_zn)"(Pk _Pf) iz )
2nr (Rifzn _ r:l.—Zn ); r

C

YacTuuHasi MPOJOIHKUTEIBHOCT MPOABWKEHHUS HEC)KMMAeMOHl HEHBIOTOHOBCKOW HE(PTH B
OJHOPOJHON  HOJyc(epudecKoil 3aleXu YCTaHABIMBAETCsA pelleHueM ypaBHeHHA (9) u
IIOJIy4aeTCs:

Z — C
3C(L-2n):(P, - P.):

t =T wnnonyuaem:

m(R1—2n _ gl )%
k (r =7r2). A7)

Ipu r =R

kot
1

T m(Ri-an_ P ); : (R,f ~ FS) (18)
3C(A-2n) (P, - R.)

ITo dopmyne (17) BbruMcnsieTcss MOJNHAs TPOAOKUTEIBHOCTh TMPOJABHMKEHUS HEHBIOTO-
HOBCKOI HETH B MOTyCPEpUUICCKON TPEHAKHOM 30HE OT KOHTYpa MUTAHUS 10 CKBAKUHBI.

3. B Tperbeii 3amaue, ¢MIBTpalMU HEC)KUMAEMOW HEHBIOTOHOBCKOM He()TH B mOITy-
chepuuecKku-paguanbHON JApPEHAKHONW 30HE IIacTa OOJBIION MOIIHOCTH MOJYUHSIETCS

MoaudunupoBanHoit monenu Keccona, B quddepennnansaoit hopme BeipaxaeTcs Tak [4]:
2

1
2 1
9=C (d—P)Z _G? | . (19)
dr
C yuerom 3HaueHus B popmyiie (2), uMeeM:
1 2
2 1
0=92n-r"=2n-r’C (d—sz—Gz : (20)
dr
Paznensst nHa nmepemennsie ypaBHenue (20), mpeBpaiiaeM ero B CICIYIONTUNA BU/L:
1
dP:Ld—:+Z(L)Z@+G-dr. (1)
2nC' r 2nC) r

WnTerpupys sto nuddepeHnnaibHoe ypaBHEHNUE B Ipeenax mo /' ot Rk mo I, umo P or

P no P. momyuaem crenyromyto (opmyny juis ae0HTa CKBaXHHBI, MPOXYLUPYOLIEit
HEHBIOTOHOBCKYIO HE(Th, B BUJIC:
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1_1
Q:ﬂ 2 Rely o\ R e R [P.-P.-G(R, —1.)] |+
1 1 r. I, G
r. R, (22)
1_1
iRyl Rop p o G(r i)l

Texymas ckopocTh QHIBTPAIIUH BBIPAXKAETCS 110 POpPMYIIe:

9:CGZ{Iank{l—Z\/mZRk_l(l_1)[[’/( _Pc _G(Rk _rc)]:l_l_
1 1 Fe Fe G Te R"’
( J (23)

r. R

C k

+.nz§k+1[;_R1][Pk_PC_Gmk_FC)]}.1.
k

C C

3aKoH pacmpe/eNeHns TeKYIIero AaBIeHus B 3alIeKH HEC)KUMAaeMO HEHbIOTOHOBCKOM HEPTH
B JIPEHAKHOW 30HE BBIBEJICH, B BUJIEC:

G(l_RlJ R

_ _ r k 2 k

P=P, i_i {In - X
r. R

(24)
R 2
+In? k—l(l—lﬂ[}’k ~P.—G(R, —rc)]} ~G(R, —r).
k
Jlist omipenieNieHust TeKYyIEero rpafueHTa aaBieHus, TudepeHIpoBaHO TEKYIIee TaBICHUE B
dopmyre (29) u Halinena cienyromiast popmyna:
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LN R I
g (1 1 2 I,
rC Rk

LR, 1(1 1
x{l—Z\/ln rck G(%—RJ[Rc—PC—G(Rk—rC)]}+

k

(25)

r. R,

C
YacTtuanas MMpOAOJDKUTCIIbHOCTL ITPOABUKCHU A HEC)KMMAaeMOil HEHLIOTOHOBCKOI He(l)TI/I B
OIHOPOJHOM IIJIaCTC BBIBEACHA, B BUJIC:

+|n2Rl‘—l[l—1j[Pk _Pc _G(Rk _VC)]} +G

? (26)
of 2t (k=)
t: r(,' Rk x
3CG{|n2k{l—2\/|ank _1[1_1j[[)1 PC G(R;\ _rc)]]+
T, r. G\r. R,
+ Inz R,‘_l(l_lj[PA _PC _G(Rk _rc)]}
VC VC R/c
Opu Ry =R, ur=r.:t=T,cienosarensHo umeem:
2
o 2o ) @)
T — rC Rk %
3CG{In2 Rk[l—Z\/lnz Rk—l[l—lj[Pk - P.-G(R, —rc)]]+
r. r. G\r. R,

X
2R (1 1, p _
+In ; +G[r R][Pk P.—-G(R, rc)]}

C C k
ITo dopmyne (27) BbMHCIAECTCS 3HAYCHHE TOJIBHON MPOAOIKUTEIBHOCTH HECKHUMaeMOn

aHOMaJIbHOW He(TH B mMoiychepuyecKU-paauanbHON JPEeHAXXHOM 30HE IIacta OOJNBIION
MOIIIHOCTH OT KOHTYpa MUTAHUS JO CKBa)KUHBI.
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BoiBogbl u pexomenaamum: 1. B crathe mnpencraBiieHbl pPe3yNbTAaThl PEIICHUS] TPEX
CTAIlMOHAPHBIX THAPOJAMHAMHYECKUX 3a7a4 O MOIyc(hepuIECKU-PaTUaTbHBIX MPOCTHIX
MOTOKaX (PUIBTPAIM HEC)KMMAEMBIX HeTel B OJHOPOJAHOM IIacTe OOJIBIION MOUTHOCTH 10
HenuHEHHbIM 3akoHaM Cwmpekepa, OOmieli HEIWHEWHOW W MOJAM(PUIIMPOBAHHOW MOAEIH
Keccomna.

2. BreiBeneHbl (hOopMyJibl BCEX OCHOBHBIX TOKasareliel pa3paOOTKH MECTOPOXKICHUM HEHBIO-
TOHOBCKHMX He(TEH, T.e. 1eOUTa CKBAKUHBI, CKOPOCTU (PUIIbTpAIMH, 3aKOHA pacipeacieHus
JABJICHUS B IPCHAKHOU 30HE 3QJICKHU U JP.

3. Bce T popmynbl HY)KHO HMCIIOJIB30BATh MPH PEIICHUU PA3IMYHBIX TEOPETUUYCCKUX 3a/1ad
pa3pabOTKH TaKUX MECTOPOXKICHHI.

4. Hy)XHO Tak»e MPUMEHSTh 3TH (GOPMYJIBI MPU COCTABJICHUH IMPOCKTa pa3pabOTKH HOBOTO
Pa3BEIaHHOTO MECTOPOKICHHUSI HCHBIOTOHOBCKOW HE(TH.

5. AHanu3upys MPEIIOKEHHBIC B CTaThe (POPMYIIBI, MOKHO BBISIBUTH XapaKTEpHBIC OCOOCH-
HOCTH pa3pabOTKH TaKuX 3aliexkeid, pa3paboTaTh U BHEAPATh MEPOIPHUATHIX C IENIbI0 yCTpa-
HEHUSI TIPOUCXOJIAIINX OCIOKHEHUN W HEXENAaTeNIbHBIX SBJICHUN, B PE3yJbTaTe YEr0 MOXKHO
MOBBICUTH HEPTEOTAUY MECTOPOKICHUH.
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STATIONARY MOTION OF INCOMPRESSIBLE OILS IN
HOMOGENEOUS HEMISPHERICAL BEDDING LARGE
CAPACITIES ACCORDING TO VARIOUS FILTRATION LAWS

Lala Haciyeva

Assistant professor, chair “Oil-qaz equipment”, Azerbajian State Universaly Oil and Industrial, Doctor of

Philosophy in Engineering Sciences, Azerbaijan. E-mail: lala.haciyevab51@mail.ru

ABSTRACT

Three stationary hydrodynamic problems of hemispherical-radial filtration flows in a
homogeneous reservoir of high thickness of non-Newtonian oils were solved by various
nonlinear filtration hakons. The formulas for all the main indicators of development have been
derived, that is, well flow rate, filtration rate, current pressure and pressure gradient, etc. All
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these formulas must be used when solving various theoretical development problems,
including when drafting a development project for a new explored field of this type.
Analyzing the proposed formulas, it is possible to identify the characteristic features of the
development of such deposits, to develop and implement measures to eliminate accidents, as a
result, it is possible to increase the oil recovery of these deposits.

Keyword: stationary movement, non-Newtonian oil, law of filtration, semi-spherical drainage
zone, flow rate of wells, filtration rate, pressure distribution, pressure gradient, duration.
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LONGITUDINAL SHIFT OF THE BINDER AND INCLUSIONS OF
A COMPOSITE WEAKENED BY TWO-PERIODIC RIGHT LINEAR
CRACKS

IRafail Mehdiev, 2Alekber Mehdiev

! Assistant Professor, Department of “Materials Technology”, Azerbaijan Technical University, Candidate of
Physical and Mathematical Sciences, Azerbaijan. E-mail: rafailoOmehtiyev@mail.ru
2Associate Professor, Department of “Mathematics”, Azerbaijan State Oil and Industry University, Candidate of

Physical and Mathematical Sciences, Azerbaijan. E-mail: mehdiyevalekber@mail.ru

ABSTRACT

In this paper, we consider antiplane deformation for an isotropic elastic material consisting of
an infinite system of parallel identical circular cylindrical fibers covered with a uniform
cylindrical film uniformly covering the surface of each fiber and a bonding medium weakened
by a doubly periodic system of rectilinear cracks. Each washer has a centrally located crack
that is less than the diameter of the washer. The presented stresses and their displacements are
expressed in terms of an analytical function.

For the solution, the well-known position is used that the displacement in the case of an
antiplane shear is a harmonic function. A known representation of the solution in each area is
applied through the corresponding complex analytical function. Three analytic functions are
represented by Laurent series. Satisfying the boundary condition on the contours of holes and
crack faces, the problem is reduced to two infinite algebraic systems with respect to the
sought coefficients and to two singular integral equations with a Cauchy-type kernel. Then the
singular integral equation is reduced to a finite algebraic system of equations by the Multopp
— Kalandia method. The procedure for calculating the stress intensity coefficients is given.
The numerical implementation of the described method is given at IBM. The results of
calculations of the critical load depending on the crack length and elastic geometric
parameters of the perforated medium are presented.

Keywords: isotropically elastic material, doubly periodic lattice, rectilinear cracks, stress
intensity factor, mean stresses, critical load, circular hole, longitudinal shear.

Introduction: The crack problem is an important problem in strength theory. The formulation
of the problem of cracking significantly expands the original concept of A. Griffiths. As the
intensity of the external load increases, a pre-fracture zone appears in the fiber, which is
modeled by a region with weakened antiparticle bonds in the material. The interaction of the
shores of this zone is modeled by introducing bonds with a given deformation diagram
between the shores of the pre-fracture zone. The physical nature of such bonds and the size of
the pre-failure zones depend on the type of material. Since the indicated zone is small in
comparison with the rest of the fiber cross-section, it can be mentally removed, replacing it
with a cut, the surfaces of which interact with each other according to a certain law
corresponding to the action of the removed material. The relevance of such studies is due to
the widespread use in engineering of structures and products made of composite materials.
Studies on the development of mathematical models of the theoretically described stress-strain
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state of the reinforced composite near the inclusion during shear and cracks are practically
absent.

Formulation of the problem: Let a doubly periodic lattice with circular holes have a radius
A (1 < 1) and centers at the points

Ppn = mw; + nw,; (mn=0,+1,42, ... ... ),
w; = 2; wy = w,he'™; h>0; Imw, > 0.

The circular holes of the lattice are filled with washers (fibers) made of isotropic elastic
material, the surface of which is uniformly covered with a homogeneous cylindrical film.

The crack edges are free from external forces (Fig. 1). The lattice has average stresses t, =
7y, T = 0 (shift at infinity). By virtue of the symmetry of the boundary conditions and the
geometry of the region S occupied by the bonding medium, the stresses are doubly periodic
functions with the main periods w,; and w,

cQ
Ty l:@

® ® © o

Figure 1. Lattice diagram of a weakened doubly periodic system of rectilinear cracks

With a pure shear in the planes passing through the fiber axes, the deformations of the
components of the reinforced medium in the introduced coordinate system are determined by
the shear angles [1]:

ow

26, = _a—WI/I 2&,, = = —
XZ_}/XZ_ax yZ_)/yZ_ay’

where W — is the component of the elastic displacement vector of the medium along the Ox
axis, of the six components of the stress tensor, only tangential stresses ., and 7,, remain
nonzero.

It follows from the above equations that 7,, and 7,, are functions of x and y, and from
Hooke's relations for a homogeneous body and formulas (1) it follows

a*w | 9*w
axz = axZ 0. (1)
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Here and below, only the component of the displacement vector along the Ox axis is
considered; therefore, the subscript of the function W is omitted. Solutions to equation (1) are
further constructed using the theory of functions of complex variables z = x + iy and z =
x — iy, therefore, the displacement function W is sought as an analytical function of these
variables:

W = 2Ref (2) = ¢(2) + ¢(2),

where the upper bar denotes the conjugate function of (z). According to the relations between
Hooke's law and (1) when using the known representations

d 140 o0\ d 1,0 0
Ezﬂa_ﬁﬁﬁfﬁgi“@>
and also operators immediately following from them
a ad . 4d 0 ,(c’) 0)

ox oz ‘ozay \az oz
. 0 .0 ,
T iy = 6 (57— 15)) = 269 @), @

from which the shear stresses are determined directly through the function ¢(z).

When separating the real parts from the imaginary ones and using the ratio of voltage and
displacement, they are found using the following formulas:

in the connecting medium

Txz = Ms[‘ps/(z) + <ps/(z)]' Tyz = s [(ps,(z) - (,05/(2)],
W, = (2) + (@),

in fibers
Txz = Up [‘pl; (2) + (pl; (Z)]' Tyz = ity [‘pl;(z) - <P;; (Z)]:
Wy = ¢p,(2) + ¢, (2),

in cover
Tor = Ue|0{(2) + 0,(2)],  Tyr = i 0{(2) — 9/(2)],

W, = ¢i(2) + 9/(2),
To simplify the boundary conditions, it is expedient to express the tangential stresses on the

contour in terms of the unknown functions ¢(z). From considering the equilibrium of an
elementary prism, taking into account relations (2), it is easy to obtain that

T = T,,€05¢ + T,,sing = plp (2)e" + p(2)e Y.

The found formula, if we take into account the following relations from consideration e® =

%, e = i%, where the S —arc of the circle of the fiber contour, is directly transformed
to the form

—i

d —
1= -in—[f(2) - F@)]
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Representing the stress and displacement through the unknown analytical function ¢(z), the
boundary conditions will be written [1] in the form:

wmy, = Pe(T1) + ¢(71) |
Hbd[(l’b (t1) — @y (Tl)] |a)mn = /’Ltd[(pt(fl) - ‘Pt(ﬁ)] |wmn: (3)

op (1) + @) |

Wmn’

0@+ 90D g, = 0@+,
wedlo. (@ — 0@l o, = wsdlo@ —0,@] | 4, (mn=0+1+2,..,+o),

Ps() —@'(t) = 0; @,(t) — @y () = 0. (4)
The introduced functions must satisfy the boundary conditions at the boundaries of the fiber-
covering w,,, and the covering-binder Q,,,, where the indices m,n =0,+1,%2,...,t
define the conditions on the contour of the m,n th fiber, whose coordinates are equal to
P, = mw; + nw,. In the case of perfect contact, the displacements and stresses on the
mating sites are equal to each other.
Since the considered problem of fracture mechanics against cracks in a fiber is reduced to
solving a homogeneous harmonic equation, the problem is reduced to finding three analytic
functions ¢4(z), ¢:(2), p,(z) of a complex variable in the region occupied by the cross
section of the composite [1] .

(1+2)op 0 + (1 -2) 0, G = 20,G); (5)
(1+5) e + (1 - 5) 0@ = 20

Ps(t) — @'(t) = 0; @, () — @, () = 0. (6)
The coordinates of points on the outer surface of the coating are further denoted by 7 =
1e® + mw,; + nw,, m,n=0,+1,+2,...; and on the inner one 7; = (A — h*)e'® + mw; +
nw,, mn=0,=+1,42,.... . U, Up and u, are elastic constants of the coating material, fiber
and the binder, respectively, the t —affix of the points of the crack faces directed along the
abscissa axes, h* is the thickness of the coating, the value relating to the coating, fiber and
binder are further indicated by the indices t, b and s, respectively.
We write the solution to the boundary value problem in the form

¥5(z) = 91(2) + 02(2); @p(2) = 915(2) + P25 (2); (7
0152 = Sieoaz o 9i(2) = Dfe oo by ®)
, . o AZk+2y(2k)( )
p1(2) =17 + kZO A2k+2 (ZTD'Z
05(2) = — [, g (&t —2)dt + A ©)
1 tg@ae
©2p(2) _E—[‘—z P
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where the integrals in (9) are taken along the line L = {[—b, —a] + [a, b]}, y(z) and &é(z) are
the Weierstrass functions [3, 4], A is a constant, g(t)— the required function,

g() =S W (x, )W (x,0)] onL,

Relations (7) - (9) should be supplemented with an additional condition following from the
physical meaning of the problem

[Fadt=0; [ g®dt=0; [ g(®)dt=0. (10)

Solution of the boundary value problem: The unknown function g(t) and the constants
Azk, bog, @y Must be determined from the boundary conditions (5) - (6).

To compose equations for the coefficients a,y, the function ¢;(z) we represent the boundary
condition (5) in the form [5, 6]

(1422) g1 (e) + (1 2) 91 (m) = 20(xy) + i3(6); (1)

where
ip3(0) = — (1 + %) @25 (T1) — (1 - %) 0, (11); (12)
(1 + %) (1) + (1 - %) @e(1) = 2[91 () + ip2(0)], (13)

where
ip2(0) = @2 (1). (14)

With respect to the function ¢3(8) and i¢,(8) we will assume that it can be expanded |A| =
1 in a Fourier series. By virtue of symmetry, this series has the form:

i93(0) = Li-_e Boke™;  ReBy = 0; (15)

ip,(0) = Z Cor€* % ReCyy = 0;
=
By = %J i p3(0)e™ 21 dg;
21 0

1 .
Cor = %f i p,(0)e 2k0d0; (k=0,+1,+2,....).

0
Substituting here the opposition (12) and (14) taking into account (9) and changing the order
of integration, after calculating the integrals using the theory of residues, we find

Bar = == [, 9 (D3 (0)dt; (16)

(6) = 1 *(t)—(l .Ub) 2k +<1++#b> 212k .
Polt) = — 25 ¢2(t) = e/ (2k)! t2k ue) (k)1 2k’
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p-u® == (1-2) 2 = 2 [, e (D9, (17)

_ 2 e, k=041,42
Qi (t) = (Zk)!f (t); (k=0,41,42,...).

Substituting into the boundary conditions (5) instead of ¢, (z), ¢:(2), ¢1(z) expansions in
Laurent series, and instead of ¢,(z), ¢,,(2) the Fourier series on |t| = A and comparing the
coefficients at the same exp(if) powers, we obtain an infinite system of linear algebraic
controls [7]:

Up Ark Bk .
bz = (1 + )2(2k+1)' 2(A—h)2k+1’ (18)
p\ — (A — h)*+? B_sk—s
b—2k—2 = (1 - _) azk — —;
e k+1)  2(A—h)2k-2
a B
0[g1+fh1]—7:y +A+C0+Za2k+21k+ AO 2;’
a,
Zo[hzfz + g%] = —ay;
a_2k 2k 4k+2 _ .
TA g, +f hy] = —azi4z;
azk Cor By
g 0T ] = Aaghi Z Gapsa k7 3 e

P=1

n=( )08 ()0
U Us U Us

n=()0) m=(E)0)
Us U Us U

Ao, = (2P + 2k + D! gpips1
Pl (2P)I (2k + 1)! 22p+2k+z

Here

AO,O = 0, /1* :/1_h*,

. 1 1 A—h
p+k+1 = Z T2p+2k+2; r= EPmnF f= 1
mn

Requiring that functions (7) satisfy the boundary condition on the bank of the cut L, we obtain
a singular integral equation for g(x) [8, 9]

—J, 9(©&(t — 2)dt — Im[A + f{(x)] = Oma L; (19)
20t S0 inlf, (0] = 0. (20)
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System (18) together with the singular equation (19) and (20) are the main equations of the
problem allowing one to determine g(x) and the coefficients a,y, by, @,). Recall that system
(18) contains the coefficients C,,, B, and depending on the desired function g(x). System
(18) and equation (19) and (20) turned out to be related and should be solved together.
Knowing the functions ¢(2), ¢, (2), @:(2), one can find the stress—strain state of the plate.
By changing the ratio of the stiffness of the fiber to the stiffness of the bonding medium, it is
possible to obtain all options, starting with a circular hole free from forces and ending with
absolutely rigid fibers.

Using the expansion of the function £(z), taking into account g(x) = —g(—x) and applying
the change of variables, control (19) and (20) is carried out to the standard form

= PET)ZT + =2, P (@B, 7)dt — Im[A + i ()] = 0; (1)
1 P(dr ,
5 1PTT,,T Im 1, (1) = 0. (22)

Here

2]+2

Y aly) v

P OTRCEL RTINS

P(z) = g(t); B(n,1) =

1-— 22 — 22 a
U=— L+ 1) +2% U, = > L+ 1) + 2% h=1;

x=nol; t=nl; n5=U; n*=U; (=1,2,...).
We represent the solution (21) and (22) in the form [10, 11]:

P(n) = 72 (23)

the function Py (n) is replaced by the Lagrange interpolation polynomial constructed from the
Chebyshev nodes. Using quadrature formulas

—fl P(‘r)d‘r 1

0 -
= * .
o 5 n_ PYYn1 cos mO, * sinm6; (24)

n

1 1

% JP (T)B(U; T) = %Z PvOB(n'Tv); Ty = Ny;
-1 v=1

1-2% 1
Cox = ——— - 2o=1 B (1) ; (25)
1-2 1 ..
2k = — EZPVka(TV)-
v

Here

ok (0) = for (€2 €5, (E%) = Lfar(1);
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2k (0) = fo (§2); &5 (&%) = If5, (D).
Furmulas (24), (25) make it possible to replace the basic equations (21) and (22) with an
infinite system of linear algebraic equations for the approximate values g(t) of the required
function at the nodal points, as well as the coefficients a,, = aj; + a3,. In this case,
successively eliminating the constants a,; in relations (18) and determining the real parts of
the imaginary, we obtain two systems of equations for a5, and a3, [16]

Sy Gy BY — S [A+ 01 ()] = 0; (26)

n
1

z bmanO - Elm Qpib((m) = 0.

v=1

Here
1[ 1 0, + (—=1)mlg
Gmv =90 sinf,, ctg— 2 =+ B, T |5 T = s
. 1[ 1 . 0, + (=DM vlg,
™ on sinemcg 2 '

An additional condition must be added to system (26), which in discrete form has the form

0
o —— = 0. (27)
-2

System (25) - (27) is connected (closed) by infinite systems (18), in which relation (25) is
substituted instead of C,, and B,j. These three systems completely determine the solution to
the problem. After finding the values of P?, the stress intensity factor K;;; is determined on
the basis of relations (17), (20), (21), (23) [17]:

1(1-22) 1 0, 1 6y
K = = (11 1)5217:1(_1)”” ontg7; Kll;l = Vﬂl(l - /1%)5217}:1(—1)1/ PVOCtg?;(ZS)
1w 0 1w 0
_ k k
Kt =+Vml ;2(—1)“”P,?tg7; K4 = mgz:(—l)kP,?ctg?.
k=1 k=1

Analysis of the solution: For numerical calculations, the case of the location of the hole at the

1.
vertices of the triangular w; = 2, w, = 2e3"" and square w,; = 2, w, = 2i lattices was

taken. The calculations were performed on an IBM computer using the MATLAB program. It
was assumed that n = 10 and n = 20, which corresponds to the division of the interval into
10 and 20 Chebyshev nodes, respectively. The resulting systems were solved by the Gaussian
method with the choice of the main element.
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To determine the limiting state at which crack growth occurs, the deformation criterion of
fracture was used [16].

The pre-fracture zones are in the binder, so the hole sizes are taken. The quantity A is related
to the radius A, of the isotropic inclusion A = 4; + h*

Based on the results obtained in Figure 2, 3 and 4, graphs of the dependence of the critical
(limiting) load t* = 7y°v/w, /Ky for both crack tips on the crack length [, = b —a are
plotted for some values of the hole radius A =0.2; 0.3; 0.4; 0.5; 0.6 (curves 1-5).
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01 02 03 04 05 06 01 08 03
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Figure 2. Dependence of the critical load ©* = 7)°v/w;/Kj; . on the crack length [, =
(b — 2) /1 for some values of the hole radius A = 0,2; 0,3; 0,4; 0,5; 0,6 (curves 1-5)
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Figure 3. Dependence of the critical load t* = t;°v/w1/K;;; . on the crack length [, =
(b — 1) /1 for some values of the hole radius A = 0,2; 0,3; 0,4; 0,5; 0,6 (curves 1-5)
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Figure 4. Dependence of the critical load t* = 7;°\/w,/Kj;; - On the crack length
[, = (b — A)/1 for some values of the hole radius A = 0,2; 0,3; 0,4; 0,5; 0,6 (curves 1-5)

The case is considered when cracks are present only in the inclusion. Fig. 5 for a square

lattice, the results of calculations of the critical (limiting) load =* = 7)°vw /Ky . are

presented depending on the crack length [ = @ for some values of the hole radius A =

0,2; 0,3;0,4;0,5;0,6 (curves 1-5).
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Figure 5. Dependence of the critical load t* = 7;°/w,/Kj;; - On the crack length
l, = (A — 1)/l for some values of the hole radius A = 0,2; 0,3; 0,4; 0,5; 0,6 (curves 1-5)

The calculations were carried out for fiberglass EDT-V with the parameters % = 25, % =
S t
50.

Conclusion: Analysis of the critical equilibrium state in a composite with a doubly periodic
structure, at which cracks appear, is reduced to a parametric study of the combined algebraic
system (18), (26) - (28) and the criterion for the appearance of a crack (28) for different laws
of deformation of bonds, elastic constants of materials and geometric characteristics of the
composite. Directly from the solution of the obtained algebraic systems, the tangential stresses
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in the bonds and the displacement of the banks of the zones before failure are determined. The
obtained ratios make it possible to investigate cracking in a composite composite during
longitudinal shear.
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IKi PERIODIK DUZ XOTLI CATLARLA ZOIFLODILMIS OLAQOLONDIRICi VO
DOLDURUCU KOMPOZITLORDO BOYUNA YERDOYISMO

'Rafael Mehtiyev, 2Olokbar Mehdiyev

Dosent, “Materiallar texnologiyas1” kafedrasi, Azarbaycan Texniki Universiteti, fizika-riyaziyyat elmlori
namizadi, Azorbaycan. E-mail: rafailsOmehtiyev@mail.ru
2 Dosent, “Riyaziyyat” kafedrasi, Azarbaycan Dévlat Neft vo Sonaye Universiteti, fizika-riyaziyyat elmlori

namizadi, Azarbaycan. E-mail: mehdiyevalekber@mail.ru

XULASO

Bu moqalads, hor bir lifin sothini borabor qalinliqli shato edon silindrik formali lentlo
ortiilmiis sonsuz paralel eyni dairovi silindrik liflordon ibarat izotropik elastik materialin
antimiistovi deformasiyasini vo iki periodik diizxotli catlar sistemi ilo zoiflomis kompozit
material nozordon kegiririk. Hor bir doldurucunun (liflorin) morkozinds doldurucunun
diametrindon kigik olan bir cat var. Totbiq olunan gorginliklor vo onlarin yerdsyismalori
analitik funksiya ils ifads olunur.

Moasalonin halli ii¢lin, antimiistovi deformasiya voziyyotindoki yerdoyismoni harmonik bir
kompleks doyisonli funksiyadan istifado oldugu miioyyon olunur. Hor sahodoki moalum hall
{iciin miivafiq olaraq kompleks doyisonli analitik funksiyalar totbiq olunur. Ug analitik
funksiya Loran sirasi ilo tomsil olunur. Dairovi doliklorin konturlarinin vo ¢atlarin sahillori
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boyu sorhod sortini tomin edon problem, axtarilan sorhad sortlorino goéro iki sonsuz cobri
tonliklor sistemo vo Kosi tipli niivesi olan iki sinqulyar inteqral tonliyo gotirilir. Sonra
sinqulyar inteqral tonlik Maltopp - Kalandiya metodu ilo sonlu cobri tonlik sistemino gotirilir.
Gorginliyin intensivlik omsalini hesablamaq {igiin bir metod togdim olunur. Tosvir edilmis
metodun ododi hesablama metodu IBM torofindon tomin edilir. Dairivi dolikli miihitin ¢atin
uzunlugundan vo elastiki hondasi parametrlorindon asili olaraq kritik yiikiin hesablamalarinin
naticalari taqdim olunur.

Acgar sozlar: izotropik-elastik material, iki periodik dovri qofas, diizxatli ¢atlar, gorginliyin
intensivlik amsali, orta garginliklor, kritik garginlik, dairavi dalikler, uzununa yerdoyisma.
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I'OPAYEE IPECCOBAHMUE IIVIABJIEHOI'O KBAPLIA

Bypryn I'axpamanos

Crapumii npenogasatens, “Metamtyprus 1 MeTauioBeneHue”, Azepoaiipkanckuii TexHndeckuii YHUBEPCUTET,

JOKTOp GHI0COGHHN B 00NIACTH TEXHOJIOTHIA, A3epbaiimkan. E-mail: gehremanovvurqun@gmail.com

PE3IOME

B craTtke onrcan MeTo1 ropsiYero MpeccoBaHMs IUIABICHOTO KBapIla MpU TeMIepaTypax HIKe
TOYKH IUIABJICHHUS W OOJACTH PACCTEKIOBBIBAHHS. OJTOT METOJ II03BOJISIET H3TOTOBUTH
BBICOKOIUJIOTHBIE H3JENUsl W3 IUIABJICHOro KBapua. B crarbe mMmokazaHa cCIpaBeAUBOCTD
YpaBHEHUsI CKOPOCTH TOpSYEro MPECCOBaHUsS JJis OMKUCAHHOrO Ipoliecca, T.€. 3aBUCUMOCTU
YIUIOTHEHUS OT BS3KOCTM M HMCXOJHOHM IUIOTHOCTH IPECCYyeMOro MmaTepuaia, BPEeMEHU H
BEJIMYUHBI PUIIOKEHHOTO JIABJICHUS.

KiioueBble ciioBa: BSI3KOCTb, IPECCOBAaHUE, TeMIlepaTypa, KBapll, 3aKajka, J/JaBlICHUE,
YIUIOTHEHHE.

XULASO

Mogqalado oridilmis kvarsin orimo sahasinin tosiri altindaki temperaturda isti presloms iisulu
islonilmasi arasdirilmigdir. Bu metod oridilmis kvarsdan yiiksok sixligli mohsullar istehsal
etmoyo imkan verir. Moqalods tosvir olunan proses liclin isti preslomo siiroti tonliyinin
etibarliligr gostorimisdir, yoni, sixilmanin preslonmis materialin ozliiliiyiine vo baslangic
sixligina, totbiq olunan tozyiqin vaxtina vo doyaring asililigr mosaloalori aragdirilmigdir.

Agar sozlor: ozliiliik, preslomo, temperatur, kvarsit, tablama, tozyiq, sixilma,

BBenenne: [IpuroroBieHne YuCTOro MIaBICHOTO KBapila METOAOM ILIABICHHUS — OOBIYHBIH,
IIUPOKO PACTIPOCTPAHCHHBIN B MPOMBIIIIIEHHOCTH Tipoiiecc. Kpome Toro, B matentax Ckaynu
u Beiiccenbepra [1] u Xunu [2] coolOmanoch Takke 00 HM3TOTOBIECHUH W3ACTHN U3
MJIABJICHOTO KBaplia crekanueM. B mpomecce, omumcanHom Ckaynmu u BeiiccenOeprom,
W3MIeNusl M3 KBaplEeBOrO Iecka, c(hOPMOBAHHBIE B XOJOJHOM COCTOSIHHH, IMpEBpallaid B
MJIABJICHBIM KBapIll HArpeBaHWeM J0 Temmeparypsl npumepHo 1650°C mocnemxyromieit
BO3JIYIIHOM 3akankoi. B mponecce XuHu A U3rOTOBIEHUS U3IETUN UCIOJIB30BAIN TOHKO-
JUCTIEPCHBIM  KPEeMHE3eM, TIOJIYYEHHBI TIPU PaA3JIOKEHUH PA3TUYHBIX CHIMKOHOBBIX
coequHeHui. [lonydeHHbII MaTepuan 3aTeM YIUIOTHSIIN O00XXHroMm mpu Temmepartypax 1200-
1500°C. HenaBuo Kepamudeckuii OTAell TEXHUYECKOW IKCIIEPUMEHTAIBHON CTaHIUU TexHOo-
JIOTUYECKOr0 HMHCTUTYyTa MmTata JKOp:KHUS M3rOTOBWJI HW3JENUsS W3 TOHKOM3MEIBbYEHHOI'O
MJIABJICHOTO KBapiia METOJOM MUIMKEPHOTO JUThS C TMOCIEAYIONUM O0KHUTOM TPU TEX Ke
TEMIepaTypax; CKOPOCTh CIIeKaHUs Oblla HU3KOH, U yCIeX Mpolecca B OONBIION CTENEHH
3aBUCET OT MCXOJHOW TUIOTHOCTH Chipiia. O ropsideM MpecCOBAHWH TOHKO-HU3MEIbUYE€HHOTO
IUTABJIGHOTO KBaplia HIDKE TEMIIepaTyphl pPacCTEKIOBBIBAHUS paHee HE COOOIIANOCh.
[TockoabKy B OTHOIICHUH TETJIOBOTO TUTABJICHBIA KBapIil B OCHOBHOM BEJIET ce0sl Kak Bs3Kas
XKUJKOCTh, TO YPABHEHHE CKOPOCTH TOpsiYEro MnpeccoBaHus [3] B 3aBUCUMOCTH OT JIaBJICHHS,
BSI3KOCTH, BPEMEHHU U YIUIOTHEHHUS COOTBETCTBYET BHIPAKEHUIO!
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daD

=5 (1-D) (1)

rae D — oTHOCUTENbHAs TJIOTHOCTh, PaBHAS OTHOIICHHIO OOBEMHOTO BeCa K YICIbHOMY B
MOMEHT BpeMeHH t (cekyH/a); P — mpHrioxeHHOe IaBieHue (IUH/CM2); 1) — BA3KOCTB (ITyassl).
Takum o0Opa3om, ISl 3HAYUTEIHLHOTO BHEIIHETO NABJICHHS ypaBHEHUE CKOPOCTH TMpoIiecca
npuobperaer GopMy KHHETUUYECKOW KPUBOIl MEpPBOro MOpsIKa, MPUYeM KOHCTaHTa CKOPOCTHU
paBHA OTHOIICHUIO MTPUIIOKEHHOTO JAaBiaeHUs K BA3KOCTH (cM. [3] ctp. 500). MuTerpupoBanue
ypaBHeHus (1) maer:

In (1-D) :th +C )

IMpu t = 0, D = Do (rcxomHas mIOTHOCTH 0Opasiia B (hopme 10 MpeccoBaHMs), OTKyAa KOH-
cranTa uHterpupoBanus pasHa IN(1-Do). Cnenosarensro, rpaguk ¢ynkuuu In(1-D) B 3aBu-
CUMOCTH OT BPEMEHH JIOJDKEH JIaBaTh MPSAMYIO JIMHUIO, IPHYEM [0 HAKJIOHY 3TOH MpsIMOM
MOKET OBITh OIpeJesieHa BSI3KOCTh. lIpeaBapuTenbHble pacdyeTsl NMOKa3bIBal0, YTO BBICOKO-
IUTOTHBIN TUTaBIIeHBIN KBapl (yruioTHeHHe Bbiie 90%) MOXKHO TOJYYUTH 3a OJUH 4Yac INPH
temnepatype 1150°C u pu JaBIeHNN IpeccoBaHMs 0KoJIo 140 n1/cM?,

OcHoBHast yacTh: /{1151 U3y4eHus: BO3SMOXKHOCTH TOPSYEr0O MPECCOBAHUS IIABIICHOTO KBapIa
Obula CKOHCTPYMpPOBaHa HeOOJbIIAsl YCTAaHOBKA C HAarpeBaTesleM M3 KaHTaJOBOM MPOBOJIOKH,
rpaduTOBBIMU (popMamu, MPOKIIAAKAMH U ITyaHCOHAaMU. J[JIst mpeoXpaHeHus: OT OKUCICHHS U
YBEJIMYEHUS] CPOKa CIYKObl TpaduTOBBIE YacTH OBUIM TMOKPBITHl JBYOKHCHIO IUPKOHMS,
HAaHECEHHOW METOJIOM pacIblIeHHs TuiaMeHH. [Ipeccyemble 00pa3HbI C pa3IMYHON CTETICHBIO
U3MENNbUYCHHSI OTEISUTN TPapUTOBBIMU NPOKIAJKaMH. DTO MO3BOJIMIIO ONPEAEIUTh BIUSHHUE
pa3Mepa YacTHII TUTABJICHOTO KBaplia Ha XOJ[ MPOIEcca TOPSiUero MpEecCOBAaHUs MPH MUHU-
MaJIbHOM KOJIMYECTBE OIBITOB. B paboTe ObIIM MCIOJIb30BaHbl TPU MPOU3BOIBHO BEIOpAHHBIE
(dpakuu TUIABJICHOTO KBaplla CO CpeaHuM pasmepoMm dactui -295+208, -104+74 u Su.
IlepBble nBe (Qpakuuu MOTy4Yaad H3MENbUCHHEM IIJIaBJIEHOIO KBapla ¢ IOCIeayromei
OTMBIBKOM KHUCJIOTOM M pacceBOM Ha cHuTax. PpakiMi0 CO CPEOHUM pPa3MEpOM YacTuIll S
MIOJTy4aJii IOMOJIOM B IIAPOBOM MENIBHUIIE ¢ TOCIeAYIoLIel KiaccuruKanueil 1 OUMCTKOM.
J11st TpOBEPKH MPUBEACHHOTO MaTEMAaTHYECKOTO BBIPAKEHUS SKCIIEPUMEHTHI TIPOBOIFIIN TIPU
Pa3IUYHBIX TeMIIepaTypax, AaBICHUAX U PA3TUUYHON MPOJOIKUTEIBHOCTH 00paboTKU. bbimn
HICTIONB30BAHE! AaBjieHns B uHTepBane 70-170 kr/cm?, Temmeparypst 1100,1150 u 1200°C u
MPOAOIDKUTENBLHOCTh 00paboTku 10 90 MuH. Bplno HaiieHo, yTO TeMmepaTypHbI nepenas
MEXTy 3THM TOJIO)KEHUEM TepMOTIaphl U IIEHTPOM o0pasiia kojedascs B mpeaenax 1-3°.
[110THOCTH TOTOBBIX 00PA3LOB (AUAMETP U BBICOTA OKOJIO 13 MM), SABISIOLIYIOCS BaKHEHIIEH
KOJIMYECTBEHHOW MEpOH XoJla IMpoIecca TopsSYero MPeCcCOBaHUs, ONMPEACISUTA BBICOKOTOY-
HBIMU METOJIaMH U3MepeHHs 00beMa 1 Beca.
3aBucumocts BenuuuHbl IN(1-D) OT NpOMODKUTETHHOCTH MPECCOBAaHKs MpPUBEACHA Ha
puc. 2, 3. BHe 3aBHCHUMOCTH OT pa3MepoB YaCTHII, IPUIOKEHHOTO JIaBJICHUS U TEeMIIEpPaTyphl
MEXIy OSTUMH JBYMsI BEIMYMHAMHU HAOIIOAAeTCS B OCHOBHOM JIMHEWHAs 3aBUCHUMOCTD.
I'paduku, cooTBETCTBYIONIUE ONMbITaM, NpoBeaeHHbIM Tipu 1150 u 1200°C, noka3biBaoT, 4TO
TOPSIYUM TIPECCOBAaHUEM TPU OTHX TEMIepaTypax MOXKHO IIOJYYUTh OCOOEHHO TUIOTHBINA
I1aBJIeHbIN kBapl (yriotHeHue (97%).
Pe3ynbTathl, CONOCTABIAIONINE ITH OTHOLEHUS, IIPEACTaBIEHbI B Ta0d. 1.

Tabmuna 1

OTHOIIIEHUsT HAKIIOHOB MPAMBIX 3aBrcuMocT IN(1-D) ot Bpemenu as Gppakiiuit
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pa3JIMYHON TUCIIEPCHOCTH
Teopernueckoe
DKcIIepUMEHTAIbHOE
Pa3zmep wactun | Temnepatypa, OTHOILIECHHE
o OTHOLIEHHE .
K ¢ HaKJIOHOB IPSIMBIX AaBACHi
(170/70)
5 1100 2,1 2,43
-104+74 1100 2,3 2,43
-295+208 1100 2,8 2,43
5 1150 2,3 2,43
-104+74 1150 2,2 2,43
-295+208 1150 2,2 2,43

I'paduku 3aBucumoctu Bennuuubl IN(1-D) oT BpeMeHu [1st OMBITOB, MPOBEACHHBIX IPU
1100°C (pucynke 1) u 1150°C (pucyHnke 2), gaHbl s ABYX pa3IUYHbIX JaBiIeHHM. Tak Kak
OTIBITHI TIPH PA3TMYHBIX JAABJICHUSX MPOBOIWIHA B U30TEPMHUUYECKUX YCIOBUAX (TIPH
MOCTOSIHHOM BSI3KOCTH ), TO OTHOIIICHHE HAKJIIOHOB MOJYYCHHBIX MPSMBIX JIOJDKHO OBITH PaBHO
OTHOIICHHUIO dTUX JABJICHUU.

a /
o
=

D—/—D

KN
In(1-D)
N
Xk
©)
|

0 20 40 60 80 100 120 0 20 40 60 80 100 120
Bpewmst, mun Bpewms, Mun
Pucynke 1. 3aBUCUMOCTb BEIMYMHBI Pucynke 2. 3aBUCUMOCTb BETMYHUHBI
In(1-D) ot BpeMeHu mpeccoBaHus In(1-D) ot BpeMeHu npeccoBaHus
JUIS TIJIaBJIEHOTO KBapIia Mpu JUIS TIJIABJIGHOTO  KBaplIia Mpu
1100 °C u nasnenus 70 kr /cm? 1150°C u nasnenust 70 kr /cm?
0 - pa3Mep 4acTuIl S|; A - pazMep o - pa3Mmep JacTull Sy; A - pazmep
yacTtul -104+74p; 0- pazmep yactul -104+74p; 0 - pazmep
yactull -295+208 p yactull -295+208 p

Pe3ynpTaThl 3TOrO pacuera NpUBEACHbI HapsAOAy ¢ 3aBUCUMOCTBIO BA3KOCTH KBaplia OT TeMIIe-
paTypsl 110 JaHHBIM, YCTAHOBJIEHHBIM METOAOM YAJMHEHUS HUTHU [4]. DT NaHHBIE XOPOILIO
COIVIaCYIOTCS, a MMEIOLIUECS PACXOXKAEHUS CIEeIyeT OTHECTH 3a CYET DPas3Iuuus METO/I0B
OIIpeAENEHUS BA3KOCTH.
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VY CTaHOBIIEHO, YTO JAMCIEPCHOCTh IUIABJIEHOTO KBaplla BECbMa HE3HAUMTENIHO BIIMSET Ha
MPOIIECC TOPSUETo MPECCOBaHMUS, 3a UCKITI0UeHnEeM (pakiuu -295+208 .

BoiBoabl: 1. MeTomom ropsiuero npeccoanus mpu remneparypax 1100, 1200°C moxuo
M3TOTOBHUTH OPHUCTHIE U BHICOKOIUIOTHBIE U3JIENINS M3 YUCTOTO IUIABIEHHOIO KBapIIA.

2. DKCIEpUMEHTAJIbHO TOATBEPXKICHO YypaBHeHHE Mopesi COTpyIHUKAMH, CBS3BIBAIOIICE
BaOXHEUIIME IEpPEeMEHHbIC, KOTOpBIE OMPEACISIIOT XOJ IpOlecca TOpsuero IpeccOBaHUS
TBEPJIOTO Telia, 00JIIAI0IIETO BI3KUM TCUCHHUEM.

3. 3HayeHus BA3KOCTH, PACCUMTAHHBIC IO JAaHHBIM CKOPOCTH TOPSYEro IPECCOBAHMUSA,
JOCTATOYHO XOPOIIO COIJIACYOTCS CO 3HAYCHHUSIMH BS3KOCTH, YCTAHOBJICHHBIMH METOJ
VIJTUHEHUS HATH.

4. Jlns ompoOOBAaHHBIX YCIOBHI TOpPSYEro MPECCOBAHUS BIMSHUE pa3Mepa dvacTull (B
uaTepBase 5-300 1) HA YIUIOTHEHHE HEBEJIHKO.

5. MerosoM ropsiero MmpeccoBaHUsS MOYKHO H3TOTOBHTH KPYIMHOTAO0APUTHBIC W3IENUS U3
TUTaBJICHOTO KBapIa.
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HOT PRESSING FUSED QUARTZ
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ABSTRACT

The article describes the method of hot pressing of fused silica at temperatures below the
melting point and devitrifycation area. This method makes it possible to manufacture high-
density products from fused silica. The article shows the validity of the hot pressing speed
equation for the described process, i.e. the dependence of the compaction on the viscosity and
initial density of the pressed material, time and value of the applied pressure.
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XULASO

Moqalo fontan armaturunun diizaxinli siyirtmoslorinin inkisafinin tokamiil maerhololrinin
doyismo ganunauygunlugunun Oyronilmosinae hosr edilmisdir. Miioyyon edilmisdir ki,
diizaxinli siyirtmalorin konstruktiv qurulusunun miiasir soviyyasi 6ziiniin milkommal saviyye-
sina catmaqdadir. Buna baxmayaraq siyirtmalorin material tohcizatt baximdan miisir soviyye-
yo catdirlmasi iiglin onlarin asagi vo ya yliksok temperturlarda yeyilmoyo davamli, yiingiil
¢okiyo malik materiallardan hazirlanmasi aktualliq kosb edir.

Acar sozlar: fontan armaturu, diizaxinl siyirtmo, tokamiil, yeyilms.

Problemin aktualhi@i: Neft vo qaz sonayesinin inkisafinin galocok perspektivi asason yiiksok
mohsuldarliqli yataglarin monimsonilmasi vo istismari ilo baglidir. Bununla slagadar
masinqayirma miiossisalorinin iqtisadi effektli vo uzundmiirlii avadanlq istehsal etmosi,
onlarin keyfiyyot vo rogabot soviyyasinin yiliksoldilmosi, homginin, istehsalin texnoloji
proseslorinin sonraki tokmillogdirilmasi birinci doracali ohamiyyat kasb edir.

Molumdur ki [1, 2, vo s.], texniki sistemlorin inkisaf morhololori, homdo istismar prosesi
zamani miloyyon edilmis ¢atigsmazliqlart aradan qaldirmasi istiqgamotinde edilon doyisikliklor
onlarin genis tokamiil prosesini ke¢diyi gostorir.

Miioyyon olunmusdur ki, miixtolif texniki sistemlora (TS) xas olan fordi xiisusiyyetlora
baxmayaraq, miitoraqqi tokamiilii, bir qayda olaraq, TS-nin "hoyat dovrii"niin tohlili ilo
uygunlasaraq, miioyyon zaman kosiyinde inkisaf dinamikasinim azalmasi dovrii goldiyini vo
onun daha miitkommal bir sistemlo ovozlonmaosi ehtiyacini reallasdirir [3].

Beloliklo, TS-nin tokamiilii prosesi genis monada, istehsal texnologiyasinin yenilonmasi,
konstruksiyalarin moderenlosmasi, eloco do onlarin funksional toyinatin genislonmasi istiqa-
matlori vo qanunauygunluqglart haqqinda tesovviirdiir. Tokamiil prosesinda TS-in miioyyan
bir voziyyati avvolkindon uzunmiiddotli doyisikliklor osaslanan vo faqlonon yeni modellora
kecilmosi ilo gercoklosir. Bu kecidlor, bir qayda olaraq, TS-lorin hor hansi bir effektivlik
kriteriyasinin va keyfiyyat gostaricisinin yaxsilagdirilmasi ilo olagoli olur vo tokamiil xarakteri
dasiyrr.

Bu qanunauygunluglar TS-in imkanlarinin aydimnlagdiriimast ve magsadsuygunlugunun
milayyanlosdirilmasi, eloca do prinsipial yeni sistemin yaradilmasi {i¢lin miithiim shomiyyat
kasb edirlor. TS-lorin tokamiil prosesinin tohlili onun inkisafina tosir edon osas amillarin,
homg¢inin digor morhoaloys kegmo imkanlarinin agkarlanmasina imkan yaradir.
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Tadqgigatin maqsadi: Texniki sistemlords yenilonmo vo tokmillogdirme isinds proqressiv
tokamiil prinsipinin yeri vo rolunun miioyyon edilmosi.

Tadqgiqatlarin naticolori vo onlarin miizakirasi: Apardigimiz arasdirmalar noticosindo
miloyyon edilmisdir ki, progressiv tokamiil qanunu TS-lorin "hoyat dovrii" niin tohlili ilo
olagoalondirilir [2] vo inkisafinin asagidaki dovrlorinin ardicilligini tosvir edir:

-yaradilmis TS-nin monimsonilms ilo sortlonon nisboton long inkisafi;

-istifadosi zamani agkar edilmis catismazliglarin aradan qaldirilmasit vo yeni miitoraqqi
konstruktor vo texnoloji hallorin istifadasi yolu ilo istismar prosesinds somaralilik meyarinin
yiiksok artim templori ilo intensiv inkisafi;

-effektivlik kriteriyasinin buraxila bilon hoaddino yaxinlasmasi sobobindon TS-nin yavas
inkisafi.

Tez-tez TS-in imumi olagali hissalori, y1gim vahidlori vo aqreqatlar (ilk névbado, verilmis
TS ilo eyni funksiyalar1 olan), tokamiil prosesinde analoji inkisaf morhalalorini kegir. Belo
hallar "tokamiiliin paralel xotlori"no aid edilir [4]. Beloki, sistemlorin on miikommal inkisaf
etdiyi bir marhalasi naticalorinin dyronilmasi digor sistemin tokamiiliinii kifayat qodor inamla
prognozlasdirmasina imkan yaradir. Bu baximdan, yiiksok tozyiqli qazma vo neft modon
nasoslari, soyyar qaldirict qurgular, eloco do nasos quyu avadanliglar1 obyektlari iiglin hoyata
keg¢irilmis todqiqatlar xarakterikdirlor [5, 6].

Ohomiyyatli miqdarda neft vo tobii qaz hasilatinin fontan tisulu ilo hayata keg¢irildiyini nozors
alsaq, fontan va qazlift istismar metodlarinda istifads olunan kompleks avadanliglarin tokamiil
yolunu Oyronmok oldugca bdyilk maraq dogurur. Komplekso daxil olan baslica
avadanliglardan biri fontan armaturudur.

Fontan armaturu neftin vo qazin lay tozyiqi hesabina yer sothino qaldirilmasini vo lazimi
istigamo  yonoaldilmasini, quyu agzinin tam hermetiklogdirilmosini, istismar rejiminin
tonzimlonmasini, quyuda texnoloji omaliyatlarin aparilmasini, ¢gixarilan mohsulun manifolda
istigamatlonmosini vo quyun tam baglanmasini hoyata kegirir. Fontan armaturu boru
baslhigindan vo fontan yolkasindan, tolob olunan sxem iizro 140 MPa va daha yuxar tozyiq-
lords icra olunan siyirtmolar, drossellor, ligbogazlar, dérdbogazlar vo digor diiylinlordon
ibaratdir [26].

Siyirtmoalorin baglayici diiytlinlori yiiksok kontakt tozyiqlori soraititndo isloyirlor, korroziyali,
cox zaman da torkibindo hor birinin hocmi 6% -0 godor olan hidrogen sulfidin (H2S) vo
karbon dioksidin (CO2) vo mexaniki qarisiglar1 25 mq/l-o godar olan yiiksok aqressiv miihi-
tin tosirine moruz qalirlar. Onlara qoyulan toloblora asasen siyirtmolor 6z isqabiliyyatliyini
acilib baglanmada 120-125 dofo sorti tsiklds qoruyub saxlamalidirlar.

Hazirda fontan armaturlari, onlarin quruluslarina daxil olan siyirtmolor on genis totqiq
olunmus neftmoadon avadanliglart qrupuna daxil edilo bilor. Tokco onu demok kifayotdir ki,
son 20-25 ildo bu istigamotdo ABS-da 350, Almaniyada 285, Rusiyada 160-don ¢ox vo
Azorbaycanda 100-a yaxin patent islori, imumilikda iritutumlu niifuzlu elmi jurnallarda bu
movzu otrafinda 550-don ¢ox magqlolor nosr etdirilmisdir. Bu moaqalslorin  65-70%-na
gadarinds siyirtmalarin etibarliginin va istismar miiddstinin artirilmasinda miixtalif xarakterli
konstrukiv hall yollart verilmis, 21-25 %-ds kiplondirme effektinin yeksaldilmasina, qalan
hissosi iso material se¢imi ilo alagoli olmusdur. Goriindiiyii kimi on yaxsi1 halda bu islorin
imumi say1 10 % kegmir.

Apardigimiz aragdirmamaq noticosindo miioyyon edilmisdir ki, siyirtmolordo bas veron
imtinalarin  sobablorinin sirasinda sipor-yohor ciitliilylinliin  yeyilmosi vo deformasiyasi
dominanthq toskil edir. Sonraki yerlordo kiplondirici manjetlorin isgabiliyystinin itirilmosi,
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spindel-qayka birlosmasinin yeyilmoasi vo digorloridirlor. Miiasir fontan armaturlarinda
baglayici qurulus kimi tixaclhi vo ya kiirovi kranlardan vo diizaxinh siyirtmolordon istifado
edirlor.

Diizaxinli siyirtmolor tixayici diiyiiniiniin konstruksiyasindan asili olaraq onlar pazli vo
16vhali konstruksiyalara boliiniirlor. Pazli siyirtmalords tixayici ditylinti pazdir va kiplondirme
pazin oxboyu horokotinin miioyyon bucagi altinda govdoys sixilmasi hesabina bas verir.
Fontan armaturunda oxsar siyirtmalor quyularin ilkin monimsanilmo dévriinds onlarin isinin
gqaydaya salinmasi lciin islonilirdi [8]. Pazli siyirtmolor asas c¢atismayan cohatlori siyirt-
moninin agiq voziyyatdo pazin hidroerroziyaya, hidro vo qazbraziv yeyilmoys ugramasi,
homginin yliksok tozyiqo icralanmis pazli siyirtmolorin bagli voziyystindo pazin isci
sothlorinds siikunat siirtlinmadon yarana yorulma yeyilmosidir.

Fontan armaturlarinda isloyorkon pazli siyirtmolorin gdstorilon ¢atigsmamazliglart onlarin
“hoyat dovrlorinin” son haddo ¢atdigin1 vo bunun noticosindo deqradasiyaya ugradigint vo
sonda diizaxinli siyirtmalarla avoz olunmasi ilo naticalonmisdir.

Oz névbesinda prinsipial yeni TS-lorin diizaxinl siyirtmalorin monimsanilmasi, verilon TS-
nin yiliksok inlisaf tempindo intensiv toroqqisino gotirmisdir. Bu zaman, kifayst qodor qisa
zaman orzindo, yeni TS-in ilkin, long inkisaf dovriinden intensiv inkisaf dovriine kegmasi
qeyd olunmusdur.

Diizaxinlt siyirtmolor, baglayici quruluslarin digor konstruksiyalar1 ilo miiqayisade bir sira
mithiim Ustilinliikloro malikdirlor. Bu diizaxinliliq, konstruksiyanin sadslaiyi, yiiksok tozyiq-
lords yeyilmayo davamlilig, hazirlanmasiin texnologiyasinin sadsliyi, yiiksak tozyiqlorde
dastayin nisbaton asagi firlanma momentini ilo harokato gotrilmosdir.

Diizaxinli siyirtmalorin tixayict diiylinlori hom konstruksiyasina, hom do kiplondirma
prinsiping gora forqlonirlor. Sok.2.-da tixayici diiyiinii miistavi 16vhali diizaxinl siyirtmalorin
osas konstruktiv xiisusiyyatlorini ohato edon tosnifati verilmisdir [9].

Sokil 1-do miistovi 16hvali diizaxili siyirtmolorin konstruktiv tiplori barade asagidakilarin
geyd edilmosi vacibdir. “Metal-metal” clitliiyli on ¢ox yayilmis kiplondirms tiplorindon biri
olub, baglayicinin yiliksok doraceli hermetikliyi kiplondirmo sathlorinin emali sayosindo aldo
edilir. Diizaxili siyirtmolorin tixayiclart hom konstruksiyasina, hom dos kiplondirme
prinsipino gors forqlonirlor. “Metal-metal” ciitliiyiinde baglayicinin hermetikliyinin bir az da
artirilmasi yohorin kiplondirma sathindo bu mogsadls acilmis yariga yagin vurulmasi ilo aldo
edilir. Kiplondirmonin “metal-elastiki element” tipinds kiplondirma torafdon yoharin sothindo
acilmis yariga yohorlo sipor arasinda metal kontaktin qarsisini alan elastiki element
quragdirilir, kiplondirma is9 siber-elastiki element sothinds bas verir.
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Paralel miistavi konstruksival tixayict

dayiinla diizaxmli sivirtms

tixayict dityiini avvalcadan yayli-bosqably
— “metal-metal” dartqil1
kiplandiricili

tixayier ditylinii yaglanmast macburi olan
“metal-metal yaglayict <

dénan yaharli

ila” kiplandiricili

vaglanmas1 avtomatik olan

txayicr diyiini elastiki elementin ysharin

“nu?tal-.elasnk.l. - varigma preslenmasi ile
element” kiplandiricili

elastiki elementin yahara

txayicr ditylinii
Y th qoyulmasi

“metal-metal” kiplandiricili
va parcimlanan siparli

Sokil 1. Miistavi 16vhali konstruksiyali tixayict diiyiinlii diizaxinh
siyirtmolorin tosnifati

Fontan armaturunun isqabiliyyoti biitévliikdo onun {izorindo qurasdirilmis siyirtmolorin
etibarligindan asilidir. Buna goro do imtinalarin tohlili, onlarin bas vermo saboblorinin
aydinlagdirilmasi, todqiqatlartin aparilmasi vo quyuagzi baglayict quruslarin istismar
keyfiyyorinin, etibarliginin vo effektivliyinin artirilmasina yonoalmis tovsiyyslarin islonilmasi
boylik shomiyyat kosb edir.

Yerino yetirilmis todqiqatlar asagidaki problemlors hosr olunmusdur: fontan armaturlarinin
etibarli§inin vo uzun Omiirliiyliniin artirilmasi [10, 11, 12, 13]; miasir tolobloro cavab veran
yeni armatur konstruksiyalarinin yaradilmasi [6, 14, 15]; quyuagzi avadanligin anomal yiiksok
tozyiqlords, hoamginin torkibinds hidrogen sulfid vo karbon dioksid qazi olan miihitlordo
etibarli islomosinin tomin edilmasi [16, 17, 18].

Son 15-20 ilds diinyanin aparici sirkotlorinin siyirtmolorin etibarliginin yiiksoldilmasi
mosolosindo material se¢iming iistiinliik verirlor. Moasolon, [9, 21] elmi todgigatlarin naticosi
olaraq siyirtmolorin baglayict diiylinlorinin detallarinin hazirlanmasi {i¢iin miixtolif markali
poladlardan vo kiplondirici sothlorin méhkomlondirici iisullarindan istifado edirlor. Belo ki,
«McEvoy» firmasi torofindon siyirtmolorin siberlorinin hazirlanmasinda soraitdon asili olaraq
legirli nikellogdirmo aparilmis poladdan vo ya paslanmayan poladdan istifads edilir. «<FMC»
firmas1 siyirtmolorin hazirlanmasinda 4130 markali (polad 30XM) kiplondrici sathin
azotlanmas1 aparilmis (polad 30XM) asag legirli poladdan, homginin 410SS (polad 12X13)
markali sothin sementlogmosi vo tablanmasi aparilan legirli poladdan istifads edir. Siyirtmo-
lorin sibersiiniin hazirlanmasinda polad 4130 azotlanmis poladdan vo ya 410SS sothin
tablandirilmasi aparilmis poladdan istifado edilir.

«IKS» firmasinda baglayici diiylinlin detallarinin hazirlanmasinda sothin xromlanmasi vo ya
ortiik ¢okilmosi ilo (disulfid molibden) ASTMA-331 markali poladdan (polad 40XHM)
istifado edilir.

Adoton siyirtmo istehsali ilo mogqul olan masingayirma miiossisolorindo baglayici diiyiinlorin
hissalorinin hazirlanmasinda asason azotlagdirilmis hocmi tablandirilmis 38X2MIOA marka-
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I1 poladdan, kimyavi nikellosdirilmis polad 40X, homg¢inin sathi tablandirilmis polad 20X13
vo 30X13-dan istifado edilir. Bazi hallarda kontakt sothlorindo siirtiinmo omsalini azaldan
moqsadi ilo disulfid-molibden ortiiyiindon dos istifados edilir [5].

Fontan armaturlar1 siyirtmolorinin ehtiyatinin ohomiyyatli dorocoado artmasina baglayicinin
elementlorinin ~ kiplondirici sothlorinin yeyilmoys davamli yiiksok legirloyici Ortiiklorin
¢okilmasinin (plagirlomo) islonilmasi va totbiq edilmasi ilo nail olunmusdur [10]. CHI'H-50
tozu ilo plagirlomo texnoloji prosesi vo sonraki mexaniki emal biitiin tip Ol¢iilii paralel
mistovi baglayict diiyilinii olan siyirtmolorin hom hazirlanmasina, hom do borpa prosesinin
aparilmasina imkan verir. Nikelin, xrom vo borun yiiksok torkibi, homginin 0,5...0,7 % kar-
bonun olmasi yiiksok korroziya dayaniqligini vo plagirlonma qatinin ilismo xassolorinin
olmamasini tomin edir. Plagirlomos {isulu ilo sothino yeyilmoyo qarst ortiik ¢okilmis yohor vo
siparin sinagi zaman1 miihafizo qatinin yiiksok hermetiklosdirmo gabiliyyati tasdiq miioyyon
edilmisdir. Eyni zamanda bu texnologiyadan istifade siyirtmonin baglayic1 diiyiiniiniin
vibrasiya soraitindo yaranan tozyiq pulsasiyasinin naticesi olan yeyilmoys qarst yiiksok
dayanigligi1 geyd olunmusdur.

“Metal-elastiki element” tipli kiplondiricisi olan baglayicilarda kiplondirici halgolorin
hazirlanmasinda hidron, ftorplast, ftorplastla qrafit osasli kompozisiya materiallari, teflon
(politetraftoretilen) vo digor materiallardan istifads edilir.

Miiasir dovrde neftqazmoadonlords istifado edilon fontan armaturlarinda bir 16vhali siparli
diizaxinli siyirtmoalor ¢ox genis istifado olunurlar. Todqiqatlarla miiosyyon olunmusdur ki,
onlarin imtinalarinin asas sabobi baglayici diiyiiniin hermetikliyini vo idars edilmasini itirmasi
vo siirtiinmodo yeyilmosidir. Yohar-sipar ciitlilylinds yiiksok kontakt tozyiqi metalin soth
qatlarin1 ohomiyyatli plastiki deformasiyaya gotirir, sorhod vo oksid Ortiiklorini dagidir,
maqmatik sularla ilk tomasda olan sahalori Ortiiksiizlogdirir. Bunun naticesi yerli metallik
birlosmolorin yaranmasidir ki, bunlar tangensial giiclorin tosirindon metalin méhkomlondiril-
mis hocmindon sath qatinin dorinliyi lizro qopmalara sabab olur.

Yohor vo sipar kiplondirma sothlorinin miihitin tozyiq pulsasiyas: sobobindon bir-biring
nozoron miimkiin yerdoyismosini mohdudlasdirmaq {iglin vo ardicil olaraq asas sobabin —
siyirtmonin baglayic1 diiyiiniiniin fretting-korroziyasinin qarsisinin alinmast {i¢iin uygun
konstruktiv hollor toklif olunmusdur [11, 22].

Layiholondirilmis yiiksok tozyiqli diizaxinli siyirtmo konstruksiyalarindan birincisi yohorin

yeniliyi ilo forqlonir (sokil 2), o siper ilo baglayicinin bdyiik qovusma kontak sahosing
malikdir [23].

¢ HHI

Sokil 2. Yeni yohorin konstruksiyasi
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Konstruksiyanin yeniliyi ondadir ki, ysharlor sipar ilo boyiik kontakt sahosine malikdirlor,
hom do qovusma sahoasinin boyilidiilmasi baglayici elementlorinin fretting korroziya
proseslorinin yaranmasina va inkisaf etmosino sobab olan titroyislori azaldir.

Bununla eyni zamanda yohorin yeni konstruksiyasi xiisusi konarlar1 ilo sipari enino tutaraq,
siberin kondolon istigamotds yerdoyismosinin qarsisint alir vo istiqgamotlondirici sitlorin
istifadoasino ehtiyac qalmur.

Yohorlorin kiplondirici sothlorinin emali yoshorin konarlari (burt) ilo paralel perisferik pardaq-
lanma ilo aparilir. Pardaqlanma dairasinin kosma zonasindan ¢ixmasi ti¢lin kiplondirmo sothi
torofdon konarlarin (burtun) uzununa Imm dorinlikli vo 1 mm enindo paz nozordos tutulmus-
dur.

Siparin qovusmada boyiidiilmiis kontak sahasino [11] vo istigamatlondirici konarlara (burtlara)
malik dlizaxinli siyirtmonin madon sinagi onun is miiddotinin 1,2 dofodon ¢ox artdigini
gostormisdir.

Sipar nazim ¢arxla vo ya masafodon idare edilorken spindel siparin 1 yshers 2 nazaron yerini
doyisdirir, bu zaman yohorun konarlar1 siberin horokot oxu istigametinds vo siyirtmonin
desiyi oxuna nazoran yerini kondslon doyismesine imkan vermir.

Toklif olunan yiiksok tozyiqli diizaxinli siyirtms konstruksiyalarindan ikincisi (sokil 3) onunla
forqlonir ki, baglayicinin yohari va sipari ellipsli qovusan sothli hazirlanmisglar [24].

Layihonin yeniliyi ondadir ki, siparin vo ysharin is¢i sothlorinin oyrixotli (enins kasikdo)
olmas1 hesabina (ciitlorin siirtiiliib uygunlagsmasi hesabina [25] desiyin yerlosdiri zonada
detallarin emal doqiqliyi vo keyfiyyati yiiksolir. Bununla eyni zamanda, baglayicinin enino
istigamotds ondaza olgiilori doyismoayondo, yohor vo siporin yeni konstruksiyasit boyiimiis
govusma sothino malik olurlar, bu baglayici elementlorinin titroyisini azaldir, bununla
fretting-korroziya proseslorinin bas vermosi vo inkisafi azalir. Homginin baglayicinin yeni
konstruksiyasi siberin enino istigamotdo yerini doyismosini mohdudlasdirdigindan, istiga-
motlondirici sitlorin istifadosi lazim golir.

Saokil 3. Siyirtmonin yohar vo siparin enina kasikli ellips kiplondici
sothli baglayicisi: 1- giber; 2 — yohor

Siyirtmolords siparin yeni konstruktiv toklifi [22, 23] verilmisdir. Miislliflor hocmi tablan-
dirmadan sonra silindrik kosikli sipordon istifadonin iistiinliiklorinin elmi vo praktiki osaslarini
islomisdirlor.
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Cadval 1
Siyirtmo konsturksiyasinda istifadasi tovsiys olunan materiallarin tosnifati
Ne Siyirtmonin hissolori Temperatur, °C
-40 +450 -70 +400 +600 +750
20J1 20T°J1 12X18HITJI
1 Govda 25J1 30XMJI 12X18H12M3TJI
35]1 (08X20HII'7T) 12X18H10T
2001 339&1}1 12X18HOTJT
2 Qapaq 25J1 0912C 12X18H12M3TJI
3511 13XDA 12X18H10T
20X13
2071 14X17H2 12X18H10T
3 P tok 2501 20T°J1 10X17H13M3T
az, $to o 0912C 12X18HOTJT
30XMJI 12X18H12M3TJ1
(08X20HOI'7T)
4 Spindel Polad 45 14§)1)21}22T 12X18H10T
30X13 10X17H13M3T
5 Kipkoc doldurucusu Termiki genislonmis grafit, rezin, ftorplast
6 Araqati Paronit-TTA, Paronit-TTK, Termiki geniglonmis grafit
Polad 25
Sancaq, Polad 25 Polad 35 14X17H2
12X18H10T
7 bolt, Polad 35 40X 10X 17H13M3T
gayka 40X 25]1
20X13
Polad 20
8 Daostok 25J1 22051%[_[ 20T°J1
20T°J1

Beloliklo, yuxarida sadalanan arasdirmalar diizaxinli siyitmonin inkisaf tokamiiliiniin bir
pargasidir. Arasdimqmiz bizo siyirtmo konstruksiyalarinin konstruktiv tokamiilii ilo yanasi
onun material tohcizatininda inkisaf etdiyini gostorir.

Cadval 1-do siyirtmo konsturksiyasinda istifado olunan materiallarin tosnifati verilmisdir [27].

Naticalor: Beloliklo, yiiksok tozyiqli diizaxinli siyirtmolorinin tokamiil prosesinin tohlili
naticasindo miioyyon edilmisdir ki, onlarin etibarligimin vo istismar miihitinin artirilmasi
istigamatinds aparilan elmi, elmi-praktiki islorin 65-70% konstruktiv tokmillosdirilmalarla,
21-25 %-do kiplondirma effektinin yiiksoldilmasi vo 10%-a qodari iso material se¢imino hasr
edilmigdirlor.

Diizaxinlt siyirtmalorin tokamiil you ve miiasir voziyyati bu avadanliglarda tokmillogdirma
islorinin istigamatlondirilmasinds tokca konstruktiv qurulusarin aradan qaldirilmasi ilo deyil,
eyni zamanda istismar goraiti nozors alinmaqla asaglr vo yuxari temperturlarda yeyilmoyo
davamli olmaq materiallarin se¢imi il uygunlasdirilmalidir.
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ABSTRACT

The article is devoted to the study of the patterns of evolutionary stages in the development of
direct Christmas tree valves. It was determined that the modern level of constructive
performance of direct zhadvizhek reaches its ideal level. However, in order to bring them up
to date, it is necessary to pay attention to the use of new materials. It is important that they are
made of lightweight materials that are corrosion resistant at low or high temperatures.
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XULASO

Furyenin korrelyasiya funksiyasinin g¢evrilmasino osaslanan miivoqqoti stoxastik siralarin
spektral analizi dalgali dinamiki proseslorin todqiqinds on ¢ox istifado olunan fenomenoloji
yanasmalardan birini tosvir edir. Isdo siranm qeyri-miintozom elementlori iigiin  spektro-
skopiyanin flikker-sos metodundan istifado edilorok sosli geyri-stasionar miivaqqgeti siranin
cox morholali spektral qiymatlorinin hesablama proseduru toklif olunur. Hesablama qaz lift
kompressor stansiyasinda istifado olunan istilikdoyisdirici aparatda maksimum gorginliyin
hesablanma niimunasinds hoyata kegirilmigdir. Hesablamanin naticalori aparat borularinin
periodik aerodinamiki qilivvalorindon hayacanlanan vo xiisusi téromolorin xatti diferensial
tonliyi ilo modellosdirilmis odadi hallinin naticalari ilo miigayiss olunur.

Acar sozlor: istilikdoyisdirici, vibrasiya, flikker-sos spektroskopiyasi, ¢goxmorholali spektral
qiymatlondirma.

Giris; Kvadratik spektral giymoatlondirmalorin on {imumi sinfi 6ziinlin xiisusi gdstoricilorinin
qiymat probleminin hsllindon istifade yolu ilo oldo edilir, bunun asasinda bu qiymotlon-
dirmolor ortogonal spektral giymotlondirmalorin comi (K) kimi toqdim edils bilor. Ilk olaraq
spektral giymatlondirmalorin bels sinfi gox morhalali spektral analiz adi altinda Tomson [1]
torofindon toklif olunmusdur (multiple taper spectral analysis MTSA). Bu taperlorin hamisi
clit ortoqonaldirlar vo spektrin yan logoklorinds sizmasinin qarsisini alaraq, az qarigmada vo
variasiyanin azaldilmasi menasinda, xtisusilo yiiksok tezlikli spektr vo / vo ya siirathi
variasiyaya ugrayan (yiiksok doyiskenli) bir spektr ii¢clin periodqrammani miioyyon ¢ox
morhoalali spektral analizo gatirirlor [2].

Praktiki istifade edilon ortoqonal taperlor ¢oxlugunun osas novlori Slepian taperi [3] vo
Raydello Sidorenkonun [4] sinusoidal taperloridir. Slepian taperi [-W ,W ]tezlik intervalinda

spektral H,(f) pencoresinin konsentrasiya miinasibotini At =1zamanina goro diskretizasiyasini
biitév intervalda [-1/2,1/2]uygun spektral pancorasine gors maksimumlasdirir. Lakin, bu

taperlor analoji tosviro malik deyillor, onlarin odadi totbiqi {igiin bir alqoritm hazirlanmisdir
[5]. Sinusoidal taperlor faha olverigli sayilirlar, onlar N- todqiq olunan stasionar prosesin

o(lj -0 godor doqiqliyino vo sado analitik formaya malikdirlor, minimum qgarismanin
N

taperlorino uygun golirlor (minimal bias-MB). Bundan olave sinusoidal taperlor zolaginin
effektiv eni K-nin bdytimoesi ilo artir vo (K +1)/(N +1) zolaginin nominal en tezliyi ilo uygun

golir, harada ki, Slepian taperlori iigiin tezlik zolaginin eni NW =4 K-nin boylimosi ilo K=4-
don baglayaraq azalir [6].
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Bu sortlor iiziindon bu isdo sinusoidal taperlors iistiinliik verilir. Lakin, sin-taperlorin multi-
taper qiymatlorinin qurulmasi zamani, spektrin konsentrasiyasinin oldugu 2W poncorasinin
eni gostorilmadiyi iiglin, biz 1is [6]-da toklif olunmus W = (K +1)/{2(N +1)}qiymatdon
istifado edirik, burada W bilorok, K taperinin maksimum qiymotini tapmaq olar. W -ni

tapmagq ligiin flikker-sos spektroskopiyast metodu iizra spektral sixligin qurulmasindan istifado
edirik [7, 8].

Tadgiqat metodu: X,...X, ={X.};  -verilmis qeyri-stasionar miivoqqoti sira olsun.

Azaltmadan sonra (trendlori ¢ixmagqla) biz fluktuasiya (miisahido oluna bilon fiziki
komiyyatlorin orta komiyyatlordon konara ¢ixmasi) sirasini aliriq

Xy E{X|<}1N- 1)

Miivoqqati sirani {Xk}lN ilkin lokal approsimaksiya edon trendin qurulmasi {igiin fraktal
fluktuasiya metodunda islodilon prosedurdan istifado etmok olar (MFFA) [9,10]. Bundan
sonra biz diisiinocoyik ki, {X, }', X, =X(,), t =k-At (k=1..,N) siras;, N=int(T/At) -
stasionar prosesinin At addimi ilo [0,T]-do miioyyen olunmus, sifir ortalama < X(t)>=0,

kovariasiya funksiyast ¥(S,t) ilo vo yalniz t zamaninin 7=S-t cevrilmosinden asili olan
diskret realizasiyasidir.

Ogor (3) diisturu ilo miloyyan olunmus {X,}!' ilkin sira figiin < X(t)>=m"=0 olarsa, onda
X (t)=X()-m" doyisdikdon sonra sifir ortalama <X(t)>=0 ilo , elo homin kovarasiya
funksiyali w(S,t) morkozlogmis stasionar corgo {)Zk}lt':l alirig. Yazilisin sadoslosdirirlmasi

liclin bundan sonra {)Zk} corgasi ovvalda oldugu kimi {X, }ils isaro olunacag.

Gic spektri (ikinci cargonin spektri) vo ya daha bir adi olan spektral funksiya sixlig1 (spectral
density function - SDF) — Furyenin avtokovariasiya  ¢evrilmoasi Kimi toyin olunur

p(r)=<X(U)X(t+7)>. () Vo ikinci corgonmn forq momenti ®?(r)=<|X(t)- X (t+ z-)|2 >
hesablanmasina asason toxmin edilir ki, f < f* (f* = finax» finax = 1/At)' T<t(tt = T/4),
burada f - tezlikdir, T -miivoqqati gecikmo parametridir.

S(f)=S,(f) stasionar signal olub, burada S (f) -avtokorrelyasiya funksiyasindan Furye
cevrilmosinin kosinusudur. Diskret halda S (f) “eksperimental” giic spektri trapesiya metodu
ilo hesablanir.

1
= — y 2
S.(f) AISC(OI) (2)
M
SC(Q)=V/(O)+1//( j( 1)“+22w(m)605( j (q 01,.. 7— j 3
m=1
. T q q/M
haradaki, q=f -T,,, T, <T, T, =M-—=M-At, f=—-_9 9™
et d vt ST N § T, M-At At
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M :E’_W.N} - tezlik oxunda noqtolorin ¢iit ododidir. M odadi gg M < N asililigim

6domolidir. Istonilon m. z[r/ At] vo N= [T/At]ﬁgﬁn «eksperimental” avtokorrelyator asagidaki
diisturla hesablanir:

v _1m Ng‘fX(k)X(kerr) (m, =01,..,M -1) @)

Is [11]-don molum oldugu kimi, giic spektri S(f) 27 perioduilo f -in monfi olmayan ciit
funksiyasidir. S(f) funksiyasi giitliiyiindon vo (S(f)=S(-f), S(f +27)=S(f)) alnr ki,
onun miioyyonlosdirilmasinds asas oblast kimi [0, 7] kosiyi gotiiriilo bilor.

w(m,)=

X (t) signalinin  torkib elementlorini X, (t) vo  X(f)- don uygun olaraq asag tezlikli
(miintozom) do yuxar tezlikli (sinqulyar) toskiledicilorini isaro edok. Yuxari tezlikli
2
toskiledicilor diffuziya tonliyinin diffuziya omsali ilo halli ¥ gxz Za@t)z( analogiyasi1 iizro
T
qurulan “relaksasiya” proseduruna osaslanmisdir [7], hanst ki, forq tonliyi soklinds verilir
X" X! X =2X 4 X
At (At)?
o= yAt/(At)? gdstaricisini daxil etmoklo, asagidaki tonliyi aliriq:

, burada At, A7 -relaksasiya vo zaman {lizro addimlardir.

Xt =X, +oX ) +(1-20)X] . (5)
Forq sxemlorinin dayaniqliq nozoriyyasindon  [12]  molumdur ki, verilmis forq sxemi
w<% oldugda miitloq dayanigli olacaq. Forz edok ki, Az =At=1, ardicil olaraq y=o
olacaqdir. (5) tonliyindon hamarlasdirma proseduru kimi istifads etmok iicilin sorhad sortlorini
toyin etmok lazimdir. Verilon halda bu sortlor belo verilir. Miisahidalorin se¢ilmasi tigiin

hamarlagma N ndqtesindon aparilarsa. onda har bir hamarlagsma intervalinda konar qiymatlor
k=1 vo k=N olduqda asagidaki diisturlarla hesablanacaqdir:

Xt =(1-20)X) +20X) | X}P=(1-20)X ]} +20X ],

Bu tonliklorin iterasiyasi, yoni X/ signal gostoricilorinin (j +1) -m relaksasiya addiminda
ij gostarisicini ilo hesablanmasi ( j =0oldugda X (t) signalinin 6zii gotiirtiliir) asagitezlikli
toskiledicini X, (t)almaga imkan verir. Onu ilkin X (t) siqnalindan ¢ixmagqla yiiksoktezlikli
toskiledicini alirng X (t) = X (t)— X (t). Hesablamalarda @ iigiin 1/2-don kigik istonilon
miisbot ododi gobul etmok olar.

Eksperimental spektrin  S(f) sinqulyar toskildeicisi Sq(f) w(t)-n1 avtokorrelyator y(r)-la
avazloayarak (2)-(3) diisturlarinda hesablamaqla asagidak: diistur {izro toyin etmok olar [8]:

N-m,

o XS (X (k) + X ()X (k m,) + X ()X (k+m,)]

(m =0,1,...,M —1)

ws(m,)= (6)

burada X(t), Xz(t) — signalin sinqulyar (geyri-miintozom) vo miintozom taskilediciloridir.
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S(f) giic spektrinin sinqulyar toskiledicisini S (f) praktiki magsadler iigiin interpolyasiya
diisturunun [7] kdmayi ilo qiymotlondirmok rahatdir:

S,(1)=

T 1+ (2AT,)" ()

S¢(0) parametrinin toxmini qiymeti kimi S(f)-in funksiya grafikinds ikilogarifmli koordi-
natda fl* birinci yiiksok tezliyo toraf iraliloyon asag tezlikli sahoni ayirmaq olar vo S( fl* —-&)
-u S¢(0) - qiymeti kimi qobul etmok olar, burada ¢ - kicik miisbot adoddir. (7) diisturunda
Ny, T,parametrlori vo S¢(0) parametrinin giymotinin degiqlosdirilmesi on kicik kvadratlar
metodunun kémoyi ilo [13], (16) modeli ilo toyin olunmus S.(f)-in giymati ilo, (2)-(3) (65)
diisturlari ilo hesablanmis eksperimental spektrS”(f)-lo razilagdirmagla hesablanir.
Qoy X,,...X, N uzunluqlu sifir ortalama ilo maddi-qiymatli stasionar prosesin va S(f)
spektral sixligmin funksiyasi (spectral density function — sdf) segmenti olsun va ya eyni hal
f tezliyinds {Xg} sirasinin giic spektrinds olsun [11]. Bundan sonra gétiiracoyik ki, {X}

siras1 X (t) stasionar sirasmin geyri-miintozom toskiledicisinin ilkin geyri-stasionar sirasinin

azalan dikretizasiyasidir. Prosesin variasiyasi vahid zamanda enerji ilo toyin olunan giic
anlayisi ilo six bagl oldugundan, S(f)-1 hom do giiclin spektral sixligmin funksiyasi

N
adlandirirlar (power spectral density function — PSDF), ham dos [6(f)[ G(f)= Z X, exp(—i27ft)
t=1

oldugu halda, onu spektral enerji sixliginin funksiyast da adlandirirlar (energy spectral density

function - ESDF) [2]. Qeyd olunmus f,0< f s% tezliyi igiin Z, = X, exp(—i2ft)

N N
qiymatlondirok. Kvadrat spektral qiymot §(1‘):ZZZ§QSJZt adlanir, burada * kompleks

S=1 t=1
uzlasmadir vo Q c¢oki matrisinin N x N (s, t)-nci elementidir.
Spektral giymotlondirmo monfi olmasin deys, giiman edacoyik ki, Q - yar1 toyin olunmus
miisbotdir. Istonilon maddi-qiymotli, simmetrik, miisbat yar1 toyin olunmus ¢oki matrisi Q -
niin kvadrat qiymatlondirilmasi orta spektral gqiymatlorin K névii kimi yazila bilor, burada K
Q -niin matris deracasidir [2]:

SORENRAC) )

ilo
2

§(f)= i=v-1, (9)

N
Z ht'k Xte—Iant
t=1

burada {ht'k} §k () diiz spektral gqiymotlondirms ti¢iin k-nin verilonlor taperi adlanir. Giliman

N .
edilir ki, biitlin taperlor ortoqonaldir, yani th' ;-h, =0 hamusi Giglin ] # Kolur. Normallas-
t=1
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dirma soraitinds ihék =1 qiymati (8) ag sos halinda garisiq olmur. Noviin giymatlondirilmasi
t=1
(8) ilk dofo Tomson torofindon toklif olunmusdir [1], multitaper spektral giymotlondirmo

adlanir uygun (spektral qiymotlondirmo ilo §(mt)(-) -lo isarolonir (9)), diz spektral
giymotlondirms adlandirilaraq (eigenspectra) §lfmt)() ilo isaralonir ; Mt - «multitaper»-in

qusaldilmig goklidir). §k(f)qiymatlandirmasi tigiin uygun spektral poncora S (f) soklindo
olub, [6] H(f):ikzl:Hk(f) kimi yazilir.
k=0

On genis yayilmis ortoqonal taperlor Slepian vo sinusoidal taperlordir. Slepian taperlori [3]
osason yan cixintilarin yatirilmasina yonoldilir. Bu taperlorin ilk ardicilligr [h o, t=1,...,N] elo
segilir ki,  uygun  spektral  poncora H,(f), [-W, W ]tezlikli intervalda

w 1/2 .
J’ H df J‘ H,df =4,(N,w) konsentrasiya miinasibatinin 2W enini maksimumlasdirsin. Ikinci
W

-1/2
taper ardicilligr birinci taper ardicilligmin ortoqonalliq sortindo konsentrasiya miinasibotini
maksmumlagdirir, bu miinasibotin alinmis qiymoti A, (N,W) ilo isarolonir. Ugiincii taper
ardicillign ~ sonraki ardicilliglara ortoqonalliq sortinde  konsentrasiya miinasibatini
maksmumlasdirir vo s. 2N - W birinci4, ododlori 1-0 ¢ox yaxim olmalidir (1-don az
galmagla), lakin bu yalniz k =0,...,2NW —2 sirasinin taperlori {igiin yerins yetirilir vo ardicil

olaraq, istifads edilon taperlorin maksimum sayr K =2NW —1 borabordir. Bu taperlorin sado
analitik ifadslori yoxdur, onlarin adadi hesablama alqoritmi [5]-do verilmisdir.

Taperlorin iki tezliyin hamarlanmas1 zamani itki imkani olmadan variasiyani azaltmaga qadir
olan tapperin basqa bir vacib ndvii, Raydel vo Sidorenko torafindon toklif olunan sinusoidal
taperlordir [4]. Bunlar osason yan c¢ixitilarin shomiyyetsiz qarismalarinda spektr cox siiratlo
doyismirss, onda istifado edilorak, ortoqonal taperlorin asagidaki asan hesablanan

ardicilliginm oks etdirirlor ki,
h,=. 2 -sin (k+Drt , (t=1..,N), (10)
’ N+1 N+1

bu da dispersiyasinin periodqrammla miiqayisade spektral giymotlondirmonin azalmasina
gotirir vo asagidaki diisturla toyin edilir [2]

2

N
€0 ()= % 3" X, exp(—i2AftAt) (11)
t=1
Taperlori Vrgk) vo onlarin ¢oki omsallarmi f, ilo isaro edorak, spektral qiymoti (8) belo
yazariq
At K-1 N .
g™ ()= N > 1, [> VX exp(—i2zfn). (12)
k=0 =1
n _1 oldugda spektral qiymoto (8) kecirik. K sinusoidal taperlordon (22) istifado edon
K

spektral qiymotlondirmo (12) asagidaki tosviro malikdir [4]:
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2

: (13)

=2 k+1 k+1
§(mt) £)= Ky [f )_ [f_ j
() Z(;Z(N+1)y Tonz2) U TaNE2
burada y(f)= i X, exp(=i2znf) - X, ilkin stasionar miiveqqati siranin Furye gevrilmosi-
=1

2N +2

diyi U¢iin y[f _ 2I;|+ 12} noticodo (13) ifadesi ilo toyin olunan &(f), daha asag1 qarisma
+
soviyyasing vo periodqramma nisboton (11) daha kicik yan ¢ixintilara malik olur. Spektral

dir. Tezlik toskildeicisinin yan ¢ixintilari y[f " k+1 ) funksiyanin yan ¢ixintilart ilo kosig-

qiymatlondirmonin (13) lokal qarismasi borabordir [4]: i 4, - K* 10 KoY.
o’ 4AN? N®

Taperlor (10) Slepian taperloro nisboton osas ¢ixintida (morkezi) qarigsmanin azalmasi vo
H (f) spektral pancorenin yan ¢ixintilarmin amplitudunun asagi diismosi hesabina kigik
/
lokal garigmaya malikdirlor. ZK: 1ﬂ\/ Ot )|2 f 2df ifadosi ilo toyin olunan spektral enerji (
k=1l _1/2
V(k)(f)-Vr(]k)taperden Furye ¢evrilmosidir), sinusoidal taperlor halinda tezliklor zolaginda

konsentrasiya olur
L_‘ ‘_ﬂ (k=0,1,....,N —-1). (14)
2(N +1) 2(N+1)

Goriindiiyti.  kimi, K sinusoidal taperlorin istifadosi [6, §4.3],
[W' W', W =(K+1)/2(N +1)intervalinda konsentrasiya olunmus spektral pancoro
H( f)ilo multitaper spektral giymotlondirmoys (8) gotirir. Belo ki, taperlorin K adedi (10)

aprior tapsirniginda tezliklor zolagimin eni 2W' = (K +1)/(N +1) borabor olacaq. Sksino
olarag, 2W ' tezlik zolaginin molum enindo taperlorin saymni miioyyon etmok olar:
K=2W'(N +1)-1.

Ogoar giic spektri S(f), H(f)spektral pancaranin tezlik zolagi daxilinds tez doyisilmirsa,
onda $™(f)-nin spektral qiymotlori toxmini korrelyasiya olunmamiglar ki, bu da
approksimasiyaya gatirir [6, ¢.360]

(mt) 2
wfy=S"0) _xhe g g L, (15)
S(f) 2K 2
burada y? - y”- 2K sorbastlik doracasi ilo paylanmadir.
Bartlet vo  Kendalin [14] islorindoki  ehtimaldan  (15) belo almir ki,
E{logv(f)}=w(K)—-logK vo var{logv(f)}=v'(K), harada ki, () vo y'() uygun
olaraq funksiyanin ikigamma va ligqgammasidir. [15]-don toyin olunmusdur ki, y/(X) - I'(X)
'(x) _ (InT(x))"- l//(X) -in hesablanmasi
I'(x)
ligiin rekurent disturdan [16] ,(k +1)=-C +i } w(1)=-c Istifado olunur, burada
=

funksiyasinin loqarifmik téromosidir, yoni y/(x) =

——

154
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C =0,5772156...-Eyler sabitidir, y'(x)i¢iin iso ‘//'(X)Z%ﬂ“i 1 diisturu asan

2 (n+x)?
alinir. Hor iki hissanin loqarifmlonmosinden (15) sonra log $™ (f)=1log S(f)+ logv(f)
aliriq. ©n az1 K =5, logv(f) paylanmast orta y(K)—log K ilo normal paylanmaya ¢ox
yaxindir [14]. Bu onu bildirir ki, biitin f -lor {igiin (f =0 vo f = -y yaxin tezliklori
¢ixmaqla) 77(f)=logv(f)—-w(K)+log K -nin tosadiifi hoadd qiymati toqribi 0-a borabor
orta qiymoti vo ¢’ =y'(K) dispersliyi olan qauss paylanmasina malik olacaqdir [21]. Onda
¢ =logv(f) hoddi ortalama ilo  y(K)-logK -berabor, o7 =0, =y/'(K) dispersiyali
toqribi normal tosadiifi doyison olacaqdir
Eyni zamanda iki asili olmayan giymotin&, vo &, vo tesadiifi & € N(0,1) giymotin
moshur yaratmaq metodundan istifads edorok [17, 18], £ =m+o¢ disturu ile N(M, o)
tosadiifi  qiymeotlorin  iki asili  olmayan qiymotini almaq olar. Bizim halda
m=y(K)-logK vo o=0,=(y'/K)"”. Qiymet X Sl L N (0,1) -dir. Qoy
o
normal paylanmanin standart funksiyasi vo & -hor hansi bir miisbot odod olsun (masalon,
o =0,01) vo D(X;0,1) =P{X <X}=a. ¢(c)funksiyasindan ona oks olan x ®(x0,])
qeyd edok. Bu onu gdstorir ki, d(p(«);01)=a (0<a<1). Hamsinda a€(0])
o(a)+(l—a) =0 oldugu iiiin praktiki olaraq @(@), a@ =1-a, 05<a <1 hesablamag
bacarmaq kifayatdir.
Approksimasiya diisturundan istifads edok [19]:
a, +at
1+bt+b,t?

t=,/-2In1-a), 05<a <1, (16)

burada a, =2,30753, & =0,27061, b, =0,9929, b, =0,04481; xotalg,| < 3-10°.
P{X >x}=1-®(x) =1-a oldugu iigiin

vo o(l-a)=—p(a),

onda D(p(x);0,1) = D(—p(x);0,1).

ola)=t- +v, (),

Belo ki, (16) disturu ilo (@), & =1—cahesablamaq kifayotdir ki,

P{X > (-p(a)}=1-D(¢();0) =1 (¢(x);01) =1-a olsun. Giiman etsak ki, X=-¢(a) vo

w=&-m P{¢ >m-c-p(@)}=a tapinq vo ardicil olaraq P{v(f)>exp(m-o-gp(a@)}=«,
O

buradan tapiriq:

P{S(f)<&™ (f)-exp[oc-p(@)-m]}=a (17)
Asagida oldugu kimi (cwm. [2], c.111)
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1y , n N
S(f)=— e, f=—— |In=01..|——

- Furye funksiyasmmn diskret gevrilmosi §(r)=CoM(X(t),X(t+7)) g(0)=02 - {X(t)}

Ny

sirasinin dispersiyasi oldugundan, onda g(7) = ZZ S(f ) e ™ %)
n=0
%71
g(0)= 2. S(f,) (18)
n=0

(17) vo (18) —don alinir

Ny

P{o? <explo-o(@)-m]- 3 €™ (f =@ (19)

Belo ki, forziyyoyo gora X(t) X, (t) swrasmn X(t) azalma ilo alinmis geyri-miintozom
toskiledicisidir, onun dispersiyasi asag1 tezlikli geyri-miintozom toskiledicisinin dispersiyasini
dominantlasdirr (¢ox tstoloyir), o, dispersiyasi toqribi olaraq biitlin azalan siranin
dispersiyasina borabaordir.

Forz edacoyik ki, X(t) stasionar prosesi erqodikdir. [20]-do qeyd edildiyi kimi erqodiklik
xassasing ancaq stasionar proseslor malik ola bilor vo praktikada stasionar tosadiifi proseslor
erqodikdirlor. Erqodik proseslorin biitiin xassolorini vahid bir se¢gmo funksiyasi ilo toyin
etmok olar. Belo ki, (19) diisturunun ehtimallig: ilo qiymstlondirilen X, orta X =0 vo o,
dispersiyasimmin X (n=0,1,...,N —1) giymatlorinin tosadiifi hadlorinin reallasdirilmasi kimi

hesab etmak olar.
Cebisev geyri-boraborliyino gors [19], tosadiifi X hoddi asagidaki boraborsizliklor ehtimalina

osason qiymatlondirilir:
2

o
P{]X—a|2A}SE, (20)
burada a=EX u o’ =DX=E(X-a)’. (20) diisturundan % < (0<5<1) sortindo
A
borabarsizlik iizo ¢ixir:

Pla—A< X <a+A}>1-6?, (21)

Tutaq ki, {x }' swrast x(t)=Xx"( X" (t) -

t)+X(1) geyri-stasionar prosesi tosvir edir, burada
fasilosiz- parcali funksiyadir, te[1,N] olduqgda, 1-ci cinsin parcalanmasi vo X1+ — maksi-
mum funksiyas1 parcasinda [1,N] x™ (t) (20). o ‘=0 )2<8 -do (e-kifayat godar kicik miisbot
adod), (19) vo (21)-don tapiriq ki, P, = @&(1— &%) inandirict ehtimalla vo 5> % ilo
X <a+Addonilir.Belo ki, X(t)=x™(t)+X(t), te[L,N], onda yuxarida gostorilon P,
ehtimalla alirq.

Xy SXib +(2+A), (22)

X
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burada X, :trTElai‘(]X(t), a=m" (m" - X (t)sirasimn ortasidir, X(t) -nin azaldilmas: ilo

alinmigdir). Belaliklo, todqgiqatin naticalorini qazlift kompressor stansiyasinda istifade edilon
soyudan istilkdoyisdirici aparatin vibrasiyasinin hesablanmasi ilo bagli asagidaki noticaloro
golmok olar

Notica. Isdo toklif olunmus yanasma - geyri-stasionar zaman sirasinin giic spektrinin flikker
sos spektroskopiyast metodu ilo sinqular komponentinin ovvolcodon tocrid edilmosi ilo
multitaper ¢oxmorhololi qiymaotlondirilmasi giic spektrino qisa miiddoatli qofil artimlarin
(sigrayislarin)  vo toromolorin kosilmolorinin sonraki “laminar” saholordoki relaksasiya
sonmolori ilo miisaiyoat olunan qiymatlori ilo uygunlagmasina imkan verir. Bu sicrayislar
taperlorin maksimal sayini toyin edirlor, onlarin asasinda sos-kiiylii geyri-stasionar miivoqqati
zamanin kifayot qodor doqiq coxmorhalsli qiymstlondirilmasi qurulur.
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MULTITAPER ESTIMATES OF THE POWER SPECTRUM OF
STOCHASTIC TIME SERIES USING FLICKER-NOISE
SPECTROSCOPY

Rabia Nadjafkulieva

Senior lecturer, Department of “Engineer and Computer Graphics”, Azerbaijan State Oil and Industry University,

Dissertant, Azerbaijan. E-mail: rabiya.nadjafkuliyeva@gmail.com
ABSTRACT

Spectral analysis of stochastic time series, based on the Fourier transform of the correlation
function, is one of the frequently used phenomenological approaches to the study of dynamic
processes with noise. The paper proposes a computational procedure for constructing
multitaper spectral estimates of a noisy non-stationary time series using the flicker-noise
spectroscopy method for the irregular component of the series. The procedure is implemented
on the example of calculating the maximum stress in a heat exchanger used at a gas lift
compressor station. The calculation results are compared with the results of the numerical
solution of the problem of free oscillations of the apparatus tubes, excited by periodic
aerodynamic forces and modeled by a linear partial differential equation.

Keywords: heat exchanger, selection, flicker noise spectroscopy, multitaper spectral
evaluation.
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KOMOR BASLIGININ KiPLOSDIRMO DUYUNUNUN TODQIQi
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XULASO

Moqalado quyuda gazmani qurtardigdan, istismar komerini endirib sementlodikdon, habelo
komordoki sement tixacini qazidigdan sonra (sementin komar arxasinda qalxma hiindirliiytinii
elektrik termometri ilo toyin edorkon komords sement tixact oldugu muoyyon edilorso)
quyuagzinin avadanligla tochizi zamani qoruyucu komorlorin asilmasi ii¢lin istifado olunan
komar bagliglari, onlarin névlari vo kiplosdirici elementinin todqiqi barado moalumat verilir.
Acar sozlor: komor bashigi, qoruyucu komor sargisi, hermetiklik, paz, manjet, metal
kiplondirici, asma — kiplondirma.

Giris: Neft vo qaz quyularinin qazilmasi vo istismar olunmasi miixtolif proseslordon ibaratdir.
Neft vo qaz quyularimin layihs dorinliying qadar qazilmasindan sonra oraya qoruyucu
komorlor endirilir. Endirilmis qoruyucu komarlor do bir-biri ilo quyuagzinda komer basligr ilo
hermetiklondirilir. Bundan basqa komor daxili quyuagzinda preventorlarla hermetiklondirilir.
Komor bashigr atqiya qarst avadanliq kompleksino daxil olan ssas avadanliglardan biri hesab
olunur.

Isin aktualligi: Komor bashiglari homginin atqiyaqarsi avadanliq oldugu ii¢iin onlar tolob
edilon tozyiqlordo kipliyi tamamilo tomin etmolidirlor. Komor basliglarinin istismar soraiti
olduqca miirokkabdir. Belo ki, komar baslhiqlar1 miixtalif soraitlords istismar edildiyi zaman
temperatur, tozyiq, o climlodan, abrasiv, korroziya edici vo yeyici miihitin tosirino moaruz qalir.
Bu tasirlor qoruyucu komar sargisinin kiplosdirmo mexanizminin isine monfi tosir gostorir.
Komor bagliginin kiplondirms diiyiiniiniin siradan ¢ixmasi hallarinda kiplagdirmoni tomin eds
bilmomaosinin todqiqi qarsida duran aktual masololordon biridir.

Isin moaqsadi: Azorbaycanda vo xarici 6lkolordo mdvecud olan, neft vo qaz quyularmin
qazilmasi vo istismarinda istifado olunan vo asas avadanliglardan biri olan miixtalif tipli
komar basliglarinin kiplasdiricilorinin effektli isini tomin etmok iiclin movcud soraitdo hansi
materialdan hazirlanan kiplondiricinin etibarli isinin tomin edilmasine nail olmagqdir.

Quyularin istismar1 prosesindo quyuagzinda istifado olunan komor basliglar1 (qoruyucu komaor
sargis1) atqiya qarst avadanligin bir hissosidir. Konstruktiv cohotdon bir sira miixtolif
omoliyyatlar1 yerino yetirmok qabiliyyotine malikdir. Komor bashgmin osas vozifasi
istigamatlondirici kamorls araliq ve istismar komarlari aralarinda olan halqovi fozalarda kiplik
yaratmaqdan ibarotdir. Qoruyucu komor sar8ist osas etibarilo bir sira digor texnoloji
omoliyyatlar1 da yerino yetirir ki, buna komorloraras1 fozam1 hermetiklogsdirmak, qoruyucu
komori 0z lizorindo saxlamaq, komorlorarasi fozani bir-birindon ayirmaq, komorlorarasi fozaya
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nozarat etmok vo lazim goldikdo ona miidaxilo etmok, fontan armaturunu yerlosdirmok,
homg¢inin atqinin garsisini alan digor avadanliglar1 6z lizorindo yerlosdirmok aiddir. Bunu da
geyd etmok lazimdir ki, komor basgligima hom do sargi birlogdirilir ki, mohz bu sargmin
komoyi ilo onda quyuya endirilmis qoruyucu komorlor baglanir, eyni zamanda quyunun
yuxari agiz hissosi yiiksok doracads etibarl sokilds kiplosdirilir. [2]

Qoruyucu boru komorlori iigiin nozordo tutulmus komor bashgi iki nove ayrilir. Bunlardan
birincisi OKM (qoruyucu boru komorlori muftali asqi ilo); digori iso OKK (qoruyucu boru
komorlori pazvari asqi ilo) tipli konstruksiyadir.

Sadalanan hor iki konstruksiya imkan verir ki, asilmis boru komaorlori arasindaki fozada kiplik
pozuldugu hallarda ora hermetikliyi borpa etmok mogsadi ilo xiisusi pasta vo ya Oziibarkiyon
plastik kiitlo vurulsun.

Muftali asqi ilo konstruksiyalanan qoruyucu boru komori sargis1 (OKM) 14 MPa tozyiqo
hesablanmigdir. Vo bu konstruksiyanin asason bu hissalordon ibarastdir: gévdes, muftali asq,
tasbitedici (stopor) vintlar, tixacli kran vo manometr.

Pazli asqi ilo konstruksiyalanan qoruyucu boru komori sargisi (OKK) 21, 35 vo 70 MPa
tozyiqlords istifado tliglin nozords tutulur. Belo bir konstruksiya 6zii do ayri-ayri yigim
vahidlorindon — komor bagligindan ibaratdir.

Qoruyucu boru komori sargilarinin istonilon ndviinds biitliin bélmalor {izro paz (vo ya mufta)
asqusl, kiplondirmo mexanizmi v siitun sargisinin manifoldlart olur (sokil 1).[7]

Sokil 1. Quyu agzi siitun sargisi

1 — siitun sargis1 gdvdosi; 2 — kiplondirilon komar borusu; 3 - manometr; 4 — siitun sargisi
manifoldu; 5 —asma mexanizmi; 6 — kiplondirma mexanizmi; 7 — idaraedici vintlor; 8 —
baglayict armatur (kran)

Komor basliginda totbiq edilon kiplosdirici istismar komori ilo qoruyucu komor arasinda
kipliyin tomin olunmasi moqsadile yerlosdirilir (sokil 2). Vo 2 materialdan - rezin vo metal
materiallarindan hazirlamir. Daxili hissesindo iso 120°C— don bir araboslugu vardir. Bu
araboslugunun asas mogsadi iso quyudan golon mahlulun kegmasini tomin etmokdan ibaratdir.
Amerika Birlogmis Statlarinda foaliyyot gostoron “CAMERON” sirkati torofindon istehsal
olunan komar bagliglarinda kipliyin tomin olunmasi bu ardicilliqla yerinas yetirilir: ilk ndvbado
istifado olunan kiplondiricilor, domir hoalgalor hor biri yigilir; daha sonra iso pazlardan asildig
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zaman homin pazlarin gotiirdiiyii yiik rezin kiplagdiriciye do diisiir. Bunun da naticasindas tolob
olunan hermetiklik tomin edilir. [6]

“CAMERON” istehsali komor basliglarindan farqli olaraq AZINMAS istehsali komor
basliglarinda iso kiplosdirmo prosesi flons hesabina bas verir.

Bu ndv kiplosdirmo diiyiiniinde metal materialdan istifads olunur ki, bu da onun
digorlorindon farglondiron on miihiim vo forqlondirici cohati hesab olunur. Metal materialdan
hazirlanan halgelor miixtalif dl¢ililords hazirlanmis araliq kiplosdiricilorlo kolona birlesdirilir.
Istifado olunan bu araliq kiplosdiricilorin hondosi 6lgiilori bir — birindon yiizda bir daqiqliklo
forqlonir, bu iso onunla olagadardir ki, istifado edilon kolonlarin diametrlorinds bir qodor
forqlor mdvcud ola bilor. Araliq kiplondiricilordon homin kolonlarin diametrino uygun olan
novii metal holgolor arasinda yerlosdirilir. Istifado olunan bu tip metal kiplondiricilorin on
vacib hesab olunan miisbot torafi miioyyon bir sobobdon yangin bas verdikds metal olduguna
goro yangma davamliliq gostormasidir. Kiplosdiricilorin qurasdirilmasi zamani onlar bir-
birinin oksi istiqgamatinds oturdularaq iizarine metal halgeni yerlosdirirlor. Igari vo ¢6lo dogru
oturdulan kiploagdiricilorin girintisi movcuddur. Kiplogdiricilordon igoriya dogru oturdulmus
olanina komor qurasdirilir. Digar kiplasdiriciys, yoni ¢6lo dogru yerlosdirilmis olana iso kamor
baslig1 oturdulur. Bununla da komaor baslig1 kiplogdiriciys oturduldugu zaman sixilma hadisasi
bas verir vo naticads kiplonms prosesi hoyata kegmis olur.[3]

Qoruyucu komor sargilarinda borular arasini hermetiklogsdirmok magsadi ilo miixtalif tipdo
sistemlor hazirlanib vo miiasir dovriimiizds effektiv sokildos tatbig olunur. [4]

Onlardan bazilorina nazor yetirak:
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Sakil 2. Kipkac mexanizmi

Bir sira kolon komor basliqlarinda borular arasi fozanin hermetiklosdirilmosi ii¢iin rezin
materialdan hazirlanmis manjetlor totbiq olunur (sokil 3).
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Sakil 3. Araliq kamords boru Kiplandiricisi

Belo bir konstruksiya asason iki, ii¢ vo dord sirali komorloardan istifado olunan quyularda
axirinet sirada yerlogmis borular arasi fazani hermetiklogdirmani tomin edir.

Asagida yerloson borular arasi fozanin hermetikliyini uygun qoruyucu kolonlarin
dordbogazinin iiz sathina gaynaq etmoklo do tomin etmok miimkiindiir. Lakin hermetiklik
belo bir tisulla, yoni qaynaq tikisilo tomin olunmasi bir sira sababloro goro effektiv hesab
olunmur. Bu sabablors asagidakilart misal gostora bilorik:

- Ik névbada, quyunun qazilma soraitinin taloblorindon asili olaraq miixtorif xiisusiyystlore
malik olan metal materiallarin1 qaynaq etmok texnoloji cohstdon bir sira ¢atinliklor torodo
bilor. Bunun da naticasinds qaynaq tikisi keyfiyyatsiz naticalons bilar.

- Digor sobab kimi geyd etmok olar ki, quyuda temperatur rejiminin dayismasi goruyucu
komorin miioyyan godor saquli harokotino sobab ola bilor. Bu da 6z novbesinds gaynaq
tikisinin pozulmasina gotirib ¢ixarir. Bu pozulmanin tasiri naticasinds uygun boruarasi fozanin
hermetikliyinin pozulmasi hallar1 bas vera bilor. Belo olan hallarda quyuda avadanliglarin
osasli tomiri aparilan zaman miixtalif texnoloji proseslor yerino yetirildikdo mayenin tozyiq
altinda axmas1 miisahido oluna bilor ki, bu pozuntular yerino yetirilmis qaynaq tikisinin
keyfiyyatli olmamasindan irali galir.

- Basqa bir sabab iso qoruyucu borularla qaynaq olunmus kolon basliginin osas detali olan
dordbogazlarinin qurasdirilmasi prosesinin ¢atinlogmoayidir.

Sottarxan masingayirma zavodunda istehsal olunan komor basliglarinda 150° C - o godor
yiiksok temperaturlara davam gotirs bilon vo eyni zamanda korroziyaya qars1 da kifayst godor
miiqavimat gostormok gabiliyystine malik olan rezin materialdan hazirlanmis manjetlor genis
istifado olunur.

Kolon bashiginda borulararasi fozanin hermetiklogdirilmasi prosesi asagidaki kimi hoyata
kecirilir:

Komar bagligindan asilan, diametri 168, 219 vo 299 mm olan borular har iki torofdon
manjetlorlo (1) vo (2) kiplondirilir (sokil 4). Bu majetlarlo kiplogdirma istor yuxaridan, istorsa
do asagidan is¢i tozyiqin asqilara kegmosinin qismon garsisini alir, onu bir qoadar
mohdudlasdirir. Avadanligin etibarliligini bir qadar ds artirmaq, hermetikliyi tam tomin etmok
mogsadi ilo sonuncu iki 168 va 219 mm diametrli borularin kiplagdirici ditylinlarine stuserdon
(3) istifado edorok xiisusi 6ziibarkiyan pasta vurulur. Diametri 377 mm olan kalonu ancaq
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yuxar1 hissadon hermetiklogdirirlor, bununla da elo tosovviir edilir ki, is¢i tozyigin birinci
boruarxasi fozadan axmasi ehtimali daha azdir. [5]
2 1
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Sakil. 4. Kamar basliginda qoruyucu borunun kipkac diiyiinii

Belo konstruksiyali qoruyucu komor sargilarinda ( komer basliglarinda ) boru arxasi fozada
hermetikliyin tomin edilmasi qaynaqdan istifado etmoadon, xiisusi pastadan vo kiplosdirici
manjetdon istifado etmoklo hoyata kegirilir. ANQ tipli manjetlori totbiq edorok komar
basligindan asilmig qoruyucu kalonlarin hermetikliyini tomin etmok bu sort ilo miimkiindiir:
Ik ndvbada kiplosdirici dost yigilmalidir. Daha sonra iso manjetlordo miioyyon qodor dartilma
yaradilmalidir.

Saorbast, yoni yerino oturdulmamis vaziyyotds eni B - o borabar olan vo yarpaqlarin agilma
bucagi a/2 (sokil. 5) ilo hesablanan ANQ tipli manjetin etibarli sokildo hermetiklogdirmoni
tomin etmoasi tigiin tolob olunan dartilmasi (g) asagida verilmis diisturla hesablanir:

Dgax — Dxar
2
Burada: B — sorbast halda manjetin en kosiyinin eni, mm; Bi — yerino oturdulmus halda
manjetin en kosiyinin eni, mm; Dgax. — asqunin daxili diametri, mm; Dxar — asqinin xarici

diametri, mm

Aparilmis tocriibalor vo onlarin naticolorine asason miioyyan edilmisdir ki, istifade olunan
manjetin tolob olunan dartilmast (g¢) komor bashgindan asilan vo kiplosdirilon qoruyucu
borularin mévecud diametrlorine uygun olaraq secilir. Osas funksiyasini yerina yetirmak, yani
etibarli sokildo hermetikliyi tomin eds bilmok {i¢lin manjetin dartilmas: 0,5 — 1,5 mm
araliginda yerina yetirilmolidir.

Lagaoklorin agilma bucagi kiplosdirici manjetlorin dartilaraq oturdulmasi zamani doyisir
(ar>a). Bu zaman manjetlorin logoklori galxir ki, bu da 6z ndvbasindo manjetlorin
deformasiyaya ugramasina gotirib ¢ixarir.

Boru asqisin1 komor baghiginin daxilinds elo voziyyotdo qurasdirirlar ki, biitiin kiplosdirici
manjetlorin bir yerdo olmasi tomin edilsin (osason bir yerdo olan manjetlorin say1 dord odad
olur).

e=B— =B-B,
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Saokil. 5. Kipkac diiyiiniiniin hesab sxemi

Aparilmis aragdirmalar naticosindo miioyyan olunmusdur ki, diametri 372 mm - 9 barabar olan
kiplogdirici manjetlori qurasdirmaq {i¢iin tolob olunan qiivve 2-3 kN toskil edir. Manjetlorin
dartilmas1 onlarin diametrinin azalmasi ilo bir qodor azalir. Bunun noticosindo logoklorin
acilma bucagl a az miqdarda doyisir vo bu da manjetlorin qurasdirilmasina sorf olunan
qiivvonin daha az gotiiriilmoasino gatirib ¢ixarir. Diametri 168 mm vo daha az olan kiplosdirici
manjetlori qurasdirmagq {i¢iin onlarla kilogram qiivva tolob olunur.

Bozi konstruksiyali komor basliglarinda borularin tutulub saxlanmasi {i¢iin asma mexanizmi
va kiplosdirilmasi tiglin nozords tutulan kiplondirms diiyiinii kombins edilmis konstruksiyada
istehsal olunur. Belo tip komor basliglarinda vahid qovsaqda hor iki funksiyani (asma vo
kiplondirmo) yerino yetirmok miimkiindiir. Belo bir konstruksiya hom istifadonin rahatligini
tomin edir, hom do konstruktiv cohotdon daha slverisli hesab olunur (sokil 6).

Sakil 6. Kombina edilmis asma — kiplandirma mexanizmi

Molum oldugu kimi qoruyucu komor sargilarinin istismar soraiti xeyli miirokkobdir. Onlar
istismar zamani quyuagzinda hermetikliyi tomin edorkon miixtslif tosirlors moruz qala bilor. Bu
tosirloro on baglica temperaturu misal gostormok olar. Hor hansi bir sobobdon yaranan
temperaturun yiiksok hoddo qalxmasit komor bagliginda hermetikliyi tomin edon hissalorin
kipliyini pozur. Masolon, istismar zamani yaranmig temperatur metal materialdan hazirlanmis
aragatina, sancaqlara, manjetlors vo digor detallara tasir gostorir ki, bunun da naticosinds flansin
kipliyinin, sixilmasinin pozulmasi kimi bir sira hallar bas vero bilor. Homginin yiiksok
temperaturun tosiri noticosindo detallarda uzanma deformasiyalarinin bas vermosi hallart vo
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dartic1 qlivvaler do meydana galir. Adston bu hallar qoruyucu boru komarinin sementlonmadiyi
hissolordo miisahido edilir ( komorin diametri 219-168 mm olan hallarda). Bu sobobdon do
qoruyucu komor sargisinin konstruksiya edilmosi zamani aparilan hesabatlarda mohkomliya
ehtiyat omsalini1 2.5-3 araliginda gobul etmok moslohat goriiliir. [1]

Natica: 1. Komor baslhigimin kiplosdiricinin hanst materialdan hazirlanmasi arasdirilaraq
Oyronilmisdir.

2. Qazilan va istismar olunan quyunun asas tarkib hissaloarindon biri olan goruyucu kamar
sargist vo ya kolon bagligi konstruksiyalaria daxil olan paz asqis1 va Kipkac diiyiiniiniin isi,
yaranan is¢i tozyigindon, quyunun rejim parametrlorindon vo istifado olunan borularin
noviindon asilidir vo mdveud soraito gérs uygun variant segilir..

3. Aparilan tadgigat naticoesinds miioyyan olunmusdur ki, yeni konstruksiyal kiplagdirici olan
metal holgalordon istifadoe muftanin yivino diison yiikii azaldir. Bununla da hom muftal
asqmin tez siradan ¢ixmasinin qarsist almir, hom do yiiksok tozyiglordo vo yiiksok
temperaturlarda onun istismara yararliligi tomin edilir. Digor torafdon Kiplosdirici kimi metal
halgolordan istifadonin tistiinliiyli yangin olma ehtimali zamani metal oldugu ti¢iin davamliliq
gostormoasidir.

4. Qoruyucu kemar sargilarinda borular arasini hermetiklogdirmok mogsadi ilo hazirlanan
miixtolif tipdos sistemlardon on effektlisi segilib tatbig olunur.
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ABSTRACT

The article provides information on the study of the pipe heads, their types and the sealing
element used to hang the protective pipes during the supply of the wellhead after the
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completion of drilling in the well, lowering and cementing the production line, as well as
drilling the cement plug in the pipeline (if it is determined that there is a cement plug in the
pipe when determining the height of the cement behind the pipe with an electric
thermometer).

Keywords: wellhead, protective pipeline casing, sealing, wedge, cuff, metal sealing, hanging-
sealing.
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XULASO

Elmi mogqalodo mancanaq dozgahlarimin miivazinatlogdirilmosi mosalolorine baxilmalidir.
Quyu stangli nasos qurgusu (QSNQ) ilo istismar olunan avadanliglarin tokmillosdirilmasi
maqsadilo mancanaq dozgahinin miixtolif miivazinatlogdirmo hesablamalarinin. Tosdiq olunur
ki, oagor mancanaq dozgahi diizgiin miivazinatlogdirilmazss, onda o, normal is prinsipi ilo
isloya bilmaz va siiratli bir gokilds tezliklo siradan ¢ixar. Mancanaq dozgahlarinda miixtalif
miivazinatlosdirilms tisullar totbiq edilir: balansir miivazinatlogdirilmasi, rotor miivazinatlos-
dirilmasi, kombinosedilmis miivazinotlosdirmo, pnevmatik miivazinotlogdirmoa. Magalado on
genis toidbiq olunan balansir vo rotor miivazinotlosdirmays baxilir. Miixtslif mancanag
dazgahlar {i¢iin miivazinatlogdirici yiikiin vo ya onun qolunun toyini diisturlar1 gostarilir.
Acar sozlor: quyu stangli nasos qurgusu, avadanhqlarm tokmillogdirilmosi, mancanaq
dozgahlari, balansir miivazinatlogdirilmasi, rotor miivazinatlogdirilmasi, kombinsedilmis
miivazinatlogdirilma, carxqolu.

Giris: Mancanaq dozgahlarinda miixtalif miivazinotlogdirilme tisiillar1 totbiq edilir: balansir
miivazinatlogdirmo, rotor miivazinotlogdirilmasi, kombinoedilmis miivazinatlogdirma, pnev-
matik miivazinotlosdirma. Moqalado on genis totbiq olunan balansir vo rotor miivazinat-
logsdirmoyo baxilir. Mancanaq dozgahinin miivazinatlogsdirmasi elektrik enerjisinin vahid
dayaring tosir gostorir. Carxqolun valinda yaranan burucu momentin gedisin hor iki yarist
iiclin sabit olmasi sorti ilo elektrik miiharrikinds ytiklor sabit olacaqdir. Yuxart gedis zamani
vo asagl gedis zamani isin baraborliyi yalniz gedisin birinci yarisinda siirgli qolda dartilan
qiivva, ikinci yarisinda iso sixilma qiivvosi meydana goldiyi toqdirde tomin edilo bilor (bu iki
qiivvo miitloq doyards borabor olacaqdir). Bu sort yering yetirilorsa, elektrik miiharrikin isi on
diizglin olacaqdir. Beloliklo, mancanaq dozgahinin vahidinin miivazinastlosdirmosi lazimi
oksyiikiin ya balansirin arxa ¢iyninds, ya da g¢arxqolu iizerine qoymagqla tomin edilo biler.
Buna uygun olaraq rotor miivazinotlogdirmosi vo kombino edilmis miivazinotlogdirmo
arasinda forq qoyulur. Balansir miivazinatlogdirmo, bir qayda olaraq, az yiikqaldirmada nasos
qurgulart ii¢lin, rotor miivazinatlogsdirmoa yiiksok yiikqaldirmada nasos qurgular iigiin vo
kombins edilmis miivazinatlogsdirmo orta yiikqaldirmada nasos qurgulart ticiin istifade olunur.
Bu, oksytiklorin geyri-borabor horokotindon yaranan balansiro otalot yiiklorin azaldilmasi
ehtiyacindan gaynaglanir.

Isas hissa: Carxqolu valinin bir tam dovriindo balansir bir gedis yuxari (firlanma bucagi ¢, O-
dan 7 radiana qodor artir) vo bir gedis asagi (firlanma bucagi ¢, n-1o 2z arasinda artir) horokot
edir. Odur ki, bir ddvrdo mancanaq dozgahinin gordiiyii is yuxart gedisdo goriilon Lyux islo,
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asagl gedisdo goriilon L isin comina borabor olacaqdir; bu zaman stanglarin A asqi noqtosi
qovs lizra 2Sa-2 barabar olan yol qgot edir [1].
Tasir edon Q qiivvesinin qiymatini gedilon Sa yoluna vurub goriilon homin islorin asagidaki
ifadosini alariq:

- yuxari gedis liglin Lyux = Qyux * SA; 1)

- asagl gedls u(;un Las = Qas : SA ; (2)

QSNQ-nun istismart nazariyyssindon molumdur ki, kanat asqisinin yuxari gedis zamani
balansirin basligindaki osas yiikk maye siitununun G vo nasos stanglarin P agirligina
borabordir. (siirtiinmo qiivvalori, titromo vo otalotdon golon qilivvalor geyd edilo bilor).
Balansirin baglhiginin asag1 gedisi zamani ylik yalniz stanglarin agirligina borabor olur Py,
¢linki bu voziyystdo vurucu klapan agilir vo maye silitundaki yiik borulara otiiriiliir. Bu,
elektrik miiharrikinin geyri-barabar islomasine gatirib ¢ixarir.

Stirtinma qiivvalorini nazars almasaq, yaza bilorik:

Lyux:(P+G—Pi+Gi)'SA. (3)

Bu baraborliyin sag torofindoki ikinci hadd stanglarin vo maye siitunun inversiya qiivvalorinin
isini ifads edir. Qobul edilmis harmonik harokst ganununda inversiya qiivvalorinin isi tam 2Sa
yolunda sifira borabor olur, ¢ilinkii, yolun birinci yarisinda, yoni balansir baglogi horokot
edondos inversiya qiivvolori miisbat, yolun ikinci yarisinda iss horokot edonds — moanfi olacaq.
Belalikls, carxqolun donmasinin ilk yarisinda (yuxari gedisds) miiharrikin isi:

Lyux = (P+G) - Sa olar. 4)

Asag1 gedisdo maye siitunun plunjers tozyiqi G = 0 vo miiharrikin isi asagidakina borabor
olacaqdir:

I—as = -PSa (5)
Belolikla, bir tam balansirin yirgalanma dovriinds goriilon is agagidaki kimi ifads edilir:
L = Lyux + LaS = (P+G) ° SA - PSA = GSA . (6)

Balansir miivazinatlosdirilmasi (sok.1).

/7
!
i

N

Sokil 1. Balansir miivazinatlogdirilmis mancanaq dozgahinin sxemi

Indi oks yiikiin ¢okisini nozars alaraq islerin asagidaki ifadalarini yaziriq:
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— yuxar1 gedis ligiin Lyux = (P+G) - SA— XSc @)
— asag1 gedis ti¢lin Las=- PSa + XSc (8)

Burada X — balansirds yerlosdirilmis oksyiiklordon yaranan qiivve; Sc — balansir oksyiikiiniin
gedis yolu.
Nozoro alinan mancanaq dozgahi1 miivazinatlogdirilmis oldugundan, yoni

(P+G) - SA— XSc =-PSa + XSc olur. 9
Bu tonliyi X-o gors hall edib aliriq:
X=(P+7)-SalSc (10)

Sa Vva Sc gedislarinin giymatlori balansirin a va ¢ qollari ilo miitonasib olduglar {igiin:
X=(P+ g) ~a/c  yaziriq. (12)

C nogqtasinda totbiq edilon qiivvalorin comi hor hansi Xo yiikiiniin momentina barabar
olmalidir:

d1a + Oz5 — g3z — Gab = - XoC (12)

burada q1, g2, g3, g4 — miivafiq olaraq balansir basliginin, balansirin gabaq ¢iyninin, balansirin
arxa ¢iyninin oksyiiko godor, balansirin arxa ¢iyninin siirgiiqoluna gador agirliq markazinda
yaranan qiivvolordir.
(12) diisturdan aliriq:

Xo = % (q3§ + 0ab — q1a — Q2 % ) (13)
Belaliklo, mancanaq dozgahimin geyri miivazinatliyini nazors almagla talob olunan oks yiikiin
cokisi agsagidaki diisturla toyin edilir.
X = (P+ %) alc — Xo (14)
Oks yiikiin inversiya qiivvalorinin qiymoti asagidakilara borabor olacaqdir:
Xa = X % (15)

burada W¢ — oks yiikiin agirliq moarkazi olan C noqtasinin tocilidir.
W.-ni B noqtasinin tacili ilo avaz edib, aliriq:
= xwee

Xa=X 75 (16)
Rotor (¢carxqolu) miivazinatlasdirilmasi: Mancanaq dazgahinin rotor miivazinatlogdirilmasi
zamani ¢arxqolda oksytiklorin qurasdirilma yerini vo onlarin sayini toyin etmok {i¢iin, M¢-un
tarazliq momentinin ¢arxqolun tizerinds oksyiiklorin quragdirilma radiusdan R asililiginin
grafiki soklinds toqdim olunan praktik bir nomogramdan istifade olunur [2].
Tarazlig momenti asagidaki diisturla miioyyon edilir:

M = S(Pyt + 0,5Pm) = S(Pmax + Pmin)/2 (7)
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burada S — quyu agz1 stokun gedis uzunlugu, m; Py — maye ig¢indoki stanqlarin ¢okisi, kq; Pm —
quyu nasosunun plunjerin iistiindoki borudaki maye siitunun ¢okisi, kq; Pmax vo Pmin — quyu
agz1 stokun maksimum vo minimum yiiklaridir, kq.

Misal kimi OST 26-16-08-87 [2] osason hazirlanan SKD8-3-4000, SKD 10-3,5-5600 va
SKD12-3-5600 tipli mancanaq dozgahlarin miivazinotlogdirilmo nomoqramina baxaq (sokil
2). Pasport molumatlarina uygun olaraq, qurasdirilmis oksyiiklorin saymndan voa onlarin
quragdirilmas: radiusundan tarazliq momentinin asagidaki nisbatlorini toxmini toyin etmok
olar.

Sxemdon (sokil 3) goriiniir ki, B noqtasinds tasir edon qiivve satunun qiivvasi Pga-dir. Bir
gedisda, yoni ¢ = 0 + 7 intervalinda ¢arxqolu yiikii asagidaki isi goracokdir.

Yuxari gedis {igiin yazmaq olar:

Lyux = (P+G) “Sa-— Pyux “Sa (18)

Sxemdon goriiniir ki,
Pyux T r= XyR , anud PyuX = XygsA ; (19)
Lywx = (P + G)-Sa— Xy Sa (20)

Burada Xy — oksyiikdon yaranan qiivve; R — ¢arxqolun firlanma morkozindon oksyiiko godor
mosafa; r — ¢arxqolun radiusu.
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Sokil 2. Hor bir ¢arxqolu iizorinds qurasdirilmis oksytiklorin sayt:
| - har biri bir oksyiikii, II - har biri iki oksyiikii, III - har biri ti¢ oksytikii,
IV - hor biri dord oksyiikii (biitdv xatlor SKD8-3-4000 vo SKD12-3-5600 tipli mancanag
dazgahlari {igiin, qirig-qiriq xotlor — SKD10-3.5-5600 tipli mancanaq dozgahlart {igiin
molumatlar1 gostorir).
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Saokil 3. Rotor miivazinatlogdirilmis mancanaq dozgahinin sxemi

Asagi gedis ligiin yaziriq:
Lus = -PSa + X Sa (21)
Lyux = Las sortindon aliriq:
(P+G) - Sa— X~ Sa= - PSa + X~ Sa (22)
Bu tonliyi X;-o goroe hall edib aliriq:
X =(P+ ) SalSe - t/R (23)
Burada Sg — ¢arxqolu oksyiikiin gedis yolu.

Sa va Sg gedislarinin giymatlari balansirin a va b qollar1 ilo miitonasib olduglari ti¢iin Sa/Sg =
a/b gobul edib yaziriq:

X:=(P+ %) ab- 1R (24)
X sabit oldugundan R-a gors holl edirik:
R=[(P+ %) -ab] 1/X (25)

Rotor miivazinatlogdirilmasi mancanaq dozgahinin reduktor valmin dayaqlarinda vo
reduktorun gévdasinds boyiik yiiklarin yaranmasina sabab olur ki, bu da arzuolunmazdir.
Bundan slavs, g¢arxqolunun firlanmasi zamani, oksyiiklorin radiusu 1950 mm olan bir qovsi
tosvir edirlor. ©ksyiiklorin yero ¢catmamasi tigiin, reduktor (SKDT tipli mancanaq dozgahlari
liglin) ¢orgivasine qurasdirtlmis xiisusi yiikksok postaments qurasdirilmisdir. SKDTS tipli
mancanaq dozgahi {igiin bu postamentin kiitlasi 795 kg-dir va bu tip6l¢iiniin hiindiirliyii 963
mm artir. Bu tip mancanaq dozgahlar {igiin oksytikiin kiitlaesi 650 kq-dir.

Beloliklo, bu tip mancanaq dozgahlarin imumi kiitlosi yalniz oksyiiklorin vo reduktor alti
postamentin sayosinds artir: 650x8 + 795 = 5995 kq. Bu, mévcud mancanaq dozgahlarin
olgiisiinii vo ¢okisini azaltmagq tiglin tokmillogdirma todqiqatlar1 aparmaq tigiin asas yaradir.
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Natica: 1. Mogalads tosdiq olunur ki, agor mancanaq dozgahi miivazinatlosdirilmozss, onda o
normal vaziyyatds isloys bilmaz va tez bir zamanda o, siradan ¢ixa bilar.

2. Balansir miivazinotlosdirilmis mancanaq dozgahlarinda qeyri miivazinatliyini nozars
almagla tolob olunan oks yiikiin ¢akisini tayin etmak ti¢iin diistur verilir.

3. Rotor miivazinstlosdirilmis mancanaq dozgahlarinda carxqolun firlanma markazindan
oksyiika gadar masafoni toyin etmak ti¢iin diistur verilir.
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BALANCING OF TWEEZER MACHINES FOR THE EXTRACTION OF OIL BY
MEANS OF WELL ROD PUMPS
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ABSTRACT

The scientific article should first consider the issues of balancing tweezers. In order to
improve the equipment operated by the well rod pump unit (WRP) various balancing. It is
asserted that if the tweezer machine is not properly balanced, it will not be able to operate
normally and will break down quickly. Different balancing methods are used on the pliers:
balancer balancing, rotor balancing, combined balancing and pneumatic balancing. The article
discusses the most widely used balancer balancing and rotor balancing. Formulas for
determining the balancing load or its arm for different clamping machines are shown.
Keywords: well rod pumps, improvement of equipments, tweezer machines, balancer
balancing, rotor balancing, combined balancing, wheel lever.
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XULASO

Osason qoza obyektlorinin dagidilmasi yolu ilo, gozalarin agirliq doracesindon asili olarag,
buruqlarda tomir-barpa islori aparilir. Bu iisulun genis yayilmis miixtalifliyi qoza cismindon
metal yonqgarinin nazik tobaqosinin fasilasiz gotiiriilmasi, novbati olaraq, yuyucu-soyuducu
maye ilo xirdalanmais siixur kiitlosindon yer sothing ¢ixarilmasi prosesi frezlomo adlanir.
Frezlomo proseslori (masalon, nasos-kompressor borulari, nasos stanglart vo b.) riyazi tosviri
(xtisusilo siirtiinmo vo yeyilmo proseslori) ¢ox ¢atin masalo olan, tobistino géro olduqca
miirokkob vo miixtalif fiziki hadisalorlo miisayist olunur.

Acar sozlar: frezlomo, kasma prosesi, 6lgiisiiz kombinasiya, haddi moment.

Osason goza obyektlorinin dagidilmas: yolu ilo, gozalarin agirliq deracasinden asili olaraq,
buruqlarda tomir-barpa islori aparilir. Bu tisulun genis yayilmis miixtalifliyi qoza cismindon
metal yongarmin nazik tobogosinin fasilosiz gotiiriilmasi, ndvbati olaraq, yuyucu-soyuducu
maye ilo xirdalanmais siixur kiitlosindan yer sothina ¢ixarilmasi prosesi frezloma adlanir.
Frezloma proseslori (masalon, nasos-kompressor borulari, nasos stanqlar1 va b.) riyazi tosviri
(xiisusilo siirtlinmo vo yeyilmo proseslori) cox ¢otin masolo olan, tobiotino goro olduqca
miirokkab vo miixtolif fiziki hadisolorlo miisayist olunur.

Bu baximdan frezlomanin, kasma prosesini hoyata ke¢irmok imkani olan rasional instrumental
materialin, alotin hondosi elementlorinin optimal rejimlorinin se¢ilmosi nozordon kegilon saha
ti¢lin vacib mosalodir.

Bu isdo 6lgmolorin tohlilini totbiq etmokls, daha asan ifadslorin alinmasi vo onlarin emal
olunmanin miioayyan edilmasinin hesablama metodunun alds olunmasiyla, frezloma prosesinin
osas parametrlorinin miioyyon edilmasi ti¢lin nozari asililiglar qurulmusdur. Frezlomonin fiziki
prosesi haqqinda daha otrafli tosovviirli, onun boyiikliiyiinii xarakterizo edon sahalor verir.

Iki bork maddonin olagesi kimi baxilan frezlomo prosesi novboti osas parametrlorlo
miiayyanlogdirilir.

P-konstruksiyanin elementino, E-materialin elastiklik modulu, Puasson- p koefisiyenti, -
materialinin axiciliq limiti, p-materialinin sixligi, b-frezin xarakterik Ol¢ilistino tosir edon
sixilma giicii (oxboyu yiiklomo).

Kasmo prosesinin tolob olunan Olclisii morkozdonqagma gilicdon omals golon w®-tazyiq
frezinin, e-firlanan frezin vo U-kosmonin dorinliyindoki mohdud an-Ms kiinc siiratindon
ibarotdir. Ms-mohdud an1 L parametrlorindon vo mohsulun sertifikatindan iroli golorok,
miioyyon etmok olar.

P, b, ®, E komiyyat sistemindan 6lgiisiiz kombinasiya togkil etmok olar:
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E
pb2w?
Bu dlgiilordon 6, p, b, o, E iki 6l¢iisiiz simpleks yaranir:
6 6
E ' pb2w?

E
Onda 6 = Ef; (W' TBRYA) ya
E
pear M)

6 = pb?w?fi(

Ogor gorginliyin 6 Xotti olaraq pw? parametrdon asili oldugu qebul olunubsa, onda fi funk-
siyasin1 agagidaki formada yazmagq olar:

fi=( o)t o(k)

Buradan
6 =c(un) ph*w?

Mohdud momenti Ms b vo 65 bu parametrlora asason miioyyan etmok olar.
Ms, b, 65 olgiilari sistemindoan bu 6l¢iisiiz kombinasiyani miiayyan etmoak

Ms
3

6s

olar:

Onda M=K, 6,b3.
Burada frezin dislorinin formasindan asili olan K (- daimidir.
p. b,a komiyyat sisteminin komayilos frezin kiinc siiratini xarakterizo etmok olar. Bu komiyyat
sistemi yeganos ol¢iisiiz simpleks yaratmaga imkan verir:
65
pb?w?
6s = Cp b?w?
Bu ifadodon alinir:

os
p

1
O= Ws=C-—

b

Burada frezin dislorinin hondossi formasindan va frezlomanin rejimindan asili olan c-daimidir.

Notica: Hondosi fiqurlarin 6l¢ii vahidinin tohlili metodunun instrumental materiallarin kosmo
vasitalorinin tohliline totbiqi gostordi ki, sonuncunu asason eyni miigavimat dayorins uygun
olan frezlomonin siirati ilo miiqayiso etmok olar, eloco do frezlomonin eyni siiratindoki
stirtinmo vo dagilma miigavimotino goro, iistolik siirtinmo vo dagilma miigavimoti onun
fasilosiz is vaxti, yoni siirtinmo vo dagilmanin icazo verilon 6l¢iiyo catmast miiddoti ilo
miioyyan olunur.
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RESEARCH OF WEAR DURING FRICTION OF THE CUTTING PART
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ABSTRACT

Depending on the severity of the accidents, repairs are carried out in the boreholes, mainly
through the destruction of accident facilities. A widespread variation of this method is the
continuous removal of a thin layer of metal shavings from an accident body, followed by the
process of removing the crushed rock mass to the surface with a washing-cooling liquid called
milling. Milling processes (for example, pump-compressor pipes, pump rods, etc.) are very
complex in nature and are accompanied by a variety of physical phenomena, the mathematical
description of which (especially the processes of friction and wear) is very difficult.
Keywords: milling, cutting process, dimensionless combination, limit torque.
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XULASO

Moqalads geyd edilmisdir ki, tobiotdo reologiya elmindo gostorildiyi kimi asagidaki miixtolif
xarakterli nyuton, geyri-nyuton, 6zlii-plastik, dilatant va s. mayelor yayilmisdir. Bu mayelorin
hor biri {iglin siirtinmo qanunlari, yani nyutonun siirtiinmo ganunu, Bingam Svedovun
stirtinmo ganunu, Maksvellin, Kessonun, Z.P.Sulmanin siirtiinmo qanunlar1 da togdim edil-
misdir. Bu ganunlarin bir qismino tabe olan siiziilmo ganunlar yani, Darsi Umumilosdirilmis
Darsi qanunu da toqdim edilmisdir; digorlori ii¢lin siizilms qanunlari iso malum deyildirlor.
Maogalonin miislliflorinden biri torafindon bir yeni ideya irali siiriilmiisdiir, bunun mahiyyati
ondan ibarstdir ki, mayelorin siirtiinmo vo siizilmo qanunlarinin miioyyon analogiyasi
mdvcuddur vo buna asasan biitiin siiziilme qanunlarini toyin etmok miimkiindiir.

Acar sozlar: siirtiinmo ganunu, siiziilme qanunu, analogiya, nyutonun siirtiinme qanunu,
Darsi siiziilmo ganunu, Bingam Svedovun siirtiinmo ganunu, Umumilasdirilmis Darsi siiziilmo
qanunu, Kessonun siirtiinme qanunu, Sulmanin siirtlinms qanunu.

Giris: Molumdur ki, tobiotds miixtalif xarakterli mayelor mévcuddurlar: bunlara asagidakilar
misal géstormok olar: nyuton mayesi, 6zlii-plastik maye, geyri-nyuton maye, dilant maye vo
s. Bu mayelorin hor birinin yalniz 6ziina moxsus siirtlinmo qanununu vo siiziilme ganunu
vardir. Mayenin miixtolif kanallarda horokotini dyronon elmo Uimumi hidravlika, yaxud
hidrodinamika deyilir. Bu kanallar agsagidakilardir: silindrik boru, homoxlu iki silindrik boru
(miixtolif diametrlilor arasindaki halqavi faza, sorbast sathli axina malik olan konal va s.
MAyenin mosamoli miithitdo siiziilmo prosesini Oyronon elmo siiziilmo nozoriyyasi yaxud
yeralt1 hidravlika deyilir.

Maye har hansi bir kanalda horokot edonds, onun daxilinde qonsu tobagolor arasinda siirtiinma
qiivvalori yaranir ki, buna mayenin ozliiliiyli deyilir. Yiiksok 6zliiliikklii maye ¢otin horokot
edir, onun siirtinmodon almman tozyiq diisglisii ¢ox boyiik olur. Onun harokatini
yaxsilasdirmaq moqsadilo onu istilik tasirilo qizdirmaq yaxud ona xiisusi halledici-durulducu
reagent qarisdirmagq olar.

Maye hor hansi bir mosamoli miihitdo suxurda yaxud layda siiziilondo, onun siizilmo
slirotinin qiymeti ham mayenin lay soraitindoki Ozliililylinden, hom do mosamali miihitin
keciriciliyindon asili olur. Mayenin ozliiliiyii yiiksok olanda, onun siiziilmo prosesi ¢atinlosir;
masamoli miihitin keciriciliyi yliksok olduqda ise onun siiziilmo prosesi yaxsilasir. Neft
mayesinin layda ozliiliylinii asag1 salmaq mogsadilo onu layda qizdirirlar (quyu dibino
endirilmis elektrik qizdiricis1 vasitesilo) yaxud layin quyudibi zonasina karbohidrogen
holledici reagentini (qaz kondensatini) vururlar.

Laym kegiriciliyi agor kigik qiymatlidirss, onda neftin siiziilmo prosesi ¢atinlosir, yoni layin
drenaj zonasinda tozyiq diisgiisii artir. Layin kegciriciliyini artirmaq ti¢lin, laymm quyudibi
zonasina har hansi bir iisulla tesir edirlor. Miixtalif konkret geoloji-fiziki sorait {i¢iin miixtalif
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iisullar totbiq edilirlor, masolon, tursu ils, termo-tursu tosir lisullari, laym hidravliki yarilmasi
isulu vas.

Maye hor hanst bir kanalda horoket edonds, onun miixtolif siirotlorlo herokst edon qonsu
tobagociklori arasinda yaranan toxunan gorginliklo siirot qradiyenti arasindaki funksional
asililigin analitik ifadosine (diisturuna) mayenin siirtonmo ganunu deyilir.

Miixtolif xarakterli mayelorn siirtiinma qanunlar1 da miixtslifdirlor.

Masalon, nyuton mayesinin siirtlinma qanunu nyutonun siirtlinma qanunu adlanir vo asagidaki
kimi ifads olunur:

du
T=p—; 1)
dn
burada T —toxunan gorginlik; p —mayenin dinamik 6zliliiyli; @« _siirot qradiyentidir; U —

dn
tobagonin horokot siiroti; 71 —miixtolif siirotlorlo horokot edon qonsu tobaciklor arasindaki
mosafaodir.
Ozlii-plastik mayenin (mosalon, neftin) siirtiinmo ganunu Bingam-Svedov siirtinmo qanunu
adlanir vo asagidaki diisturla ifads olunur:

=" du +7T,; (2)
dn °
burada T —toxunan gorginlik; m —o0zli-plastik mayenin struktur ozliiliyi; du _jirot
dn

gradiyenti; 1 —horokot siirati; 7 —miixtalif siiratlorlo horokst edon qonsu tobogaciklor
arasindaki mosafd; T, —siirismonin baglangic garginliyidir.

Tipoqgrafik boyalarin (som da bazi anomal neftlorin) siirtiinma gqanunu Kessonun iki parametrli
stirtlinma qanunu adlanir vo agagidaki kimi olur:

2=k, + kl(@) , 3)
di

r

N

burada T —toxunan gorginlik (siirlismo gorginliyi); &, vo k, —boya kompozisiyasinin reoloji

du — siirat qradiyentidir; U —horokot siirati; 7 —maosafodir.
n

Dekorativ vo miidafia boyalarinin siirtinms qanunu Z.P.Sulmanin siirtlinma qanunu adlanir vo
asagidaki tonliklo ifads olunur:

parametrlori;

L[ Y
T :TO+(MPEJ’ (4)

burada 7 —istonilon hoqiqi miisbot ododdir (tam olmagi vacib deyildir). n, T,, 1, —
komiyyatlorinin qiymatlori boya kompozisiyasinin har biri iiglin reo6lgma tocriibasindon toyin
edilirlor.
Ozliiliiyo, plastikliyo vo elastikliyo malik olan mayenin siirtinmo qanunu Maksvellin iimumi
stirtiinmo qanunu adlanir vo asagidaki kimi ifads olunur:

t

r:n%nLroeT, (5)
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burada T —toxunan garginlik; m —struktur ozliiliik; du _siirot gradiyenti; t, —siirliismonin

dn
baslangic gorginliyi; € —natural logarifmin osasi; 7  —gorginliyin relaksasiya (zoiflomo)
middoti,  —prosesin davametmo miiddoatidir.
Yuxarida slirtiinmo qanunlart malum olan mayelorin bir gisminin siiziilmo ganunlar da
molumdurlar, digarlorinin ki, iso halo molum deyildir.
Asagida molum olan siizilmo qanunlart togqdim edilmisdirlor. Siiziilmo siiratilo tozyiq
gradiyenti arasindaki funksional asililigin analitik ifadesine mayenin mosamoli miihitdo
stizilmoa ganunu deyilir.
Xotti Darsi siiziilmo qanunu nyuton mayesi siiziilmo prosesinin tabe oldugu bir parametrli
ganundur, bu ganun asagidaki diferensial sokillords ifads olunur:
—yasti-paralel siiziilmo axini ii¢lin:

k dP
V=———r (6)
u dx
—radial (yasti-radial vo yarimsferik-radial) siiziilms axinlar1 {igiin:
k dP
v==Sn ¢
u dr
burada L —mayenin mosamoli miihitdo siiziilmo siirati; k& — siixurun (yaxud layin) kegiricilik
dP  dP
omsali, 1 —mayenin (masalon neftin) lay soraitinds dinamik ozliiliiyli, — vo —— —tozyiq
X r

gradiyentloridir; monfi (—) isarasi onu gostorir ki, yasti-paralel axinda faza koordinati X —in
(absisin) artmasi ilo tozyiq azalir; ¥ —radius-vektorudur.

Umumilosdirilmis Darsi siiziilmo qanunu 6zlii-plastik mayesi siiziilma prosesinin tabe oldugu
iki parametrli qanundur vo asagidaki sokillords ifads olunur:

—yasti-paralel siizlilmo axin1 {igiin:

oz—ﬁ(d—P—Gj; @
n\dx
—radial (yasti-radial vo yarimsferik-radial) siiziilms axinlar {igiin:

n\ dr

burada m —mayenin (neftin) lay soraitindo struktur ozliliiyi; G —baslangic tozyiq
gradiyentidir.

Qalan (3) (4) vo (5) nomralorls isars olunan siirtiinmo ganunlarina tabe olan anomal maylorin
stiziilma ganunlar1 halo malum deyildir.

Bu mayelorin miislliflorindon biri torafindon miisyyen tohlillor vo aragdirmalar aparildigdan
sonra yeni bir ideya irali siiriilmiisdiir. Bu ideyanin mahiyyoti asagidakilardan ibaratdir, hor
bir mayen in siirtiinmo qanunu va siiziilms ganunu arasinda miioyyan analogiya movcuddur vo
bu analogiyadan istifado etmokls, mayenin siliziilmo ganununu toyin etmok miimkiindiir vo
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beloliklo hidrodinamika elminds yeni nozori islonmo mosalalorinin holl edilmosi iiglin ¢ox
genis imkanlar yaranir.

Moqalonin miiolliflori torofindon Kessonun, Z.P.Sulmanin vo Maksvellin siirtlinmo
ganunlarina tabe olan mayelor ii¢lin siiziilmo ganunlar1 qeyd edilmis anomaliyadan istifado

etmoklo siiziilmo qanunlar1 agagidak: sokillords olds edilmisdir:
2

E 1
v=C (—d—PJZ _G?| | (10)
dr
v=C (—d—PJ" ~G" |, (11)
dr
L= C(d—P + GeTj . (12)
dr

Bu diisturlar vasitasilo da bir ¢ox yataqlarin nozori islonmo masalalorini hall etmok olar.

Notico vo takliflar: Mogalods reologiya elminds aparilmis todqiqatlara osason tobistdo
yayillmis miixtolif xarakterli mayelorin nyuton, geyri-nyuton, Ozlii-plastik, dilatant vo s
xarakterli mayelorin yayilmasi vo onlarin miixtalif texnoloji proseslorin aparilmasinda istifado
olunmasi barads sorh edilmisdir.

Homin mayelorin siirtiinmo qanunlarinin diferensial formada analitik ifadolori toqdim
edilmisdir.

Bu mayelorin bir qismi ii¢lin onlarin mosamsli miihitdo (slixurda yaxud layda) siiziilmo
qanunlar diferensial sokilds toqdim edilmigdir.

Digor xarakterli mayelor lgiin siiziilmo gqanunlari molum olmadigindan, onlar toqdim
olunmamuisdir.

Mogalonin hammiislliflorindon biri torofindon bir yeni ideya iroli siiriilmiisdiir, hansinin
mahiyyati bundan ibaratdir: hor hans1 mayenin siirtiinma vo siiziilmo qanunlarimin har hansi
bir anomaliyas1 mévcuddur.

Bu anomaliyadan istifado edorak, mayenin siirtliinma qanunundan onun siiziilme ganununu
toyin etmok miimkiindiir. Bu anomaliyadan istifade edorok modifikasiya olunmus Kesson
modeli (siiziilmo ganunu), modifikasiya olunmus Z.P.Sulman modeli (siiziilmo ganunu), (lak-
boya va tipoqrafiya boyasi {i¢iin) vo Maksvelin ii¢ parametrli modeli (siiziilmo qanunu) toyin
edilmisdir.

Yeni toyin edilmis siliziilmo qanunlari ilo boazi neft yataqlarinin bir ¢ox nozeri islonma
masalalarini hall etmok miimkiindiir.
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FILTRATION OF LIQUIDS

Lala Haciyeva

Assistant professor, chair “Oil-qaz equipment”, Azerbaijan State Oil and Industry University, Doctor of
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ABSTRACT

The article states that the following fluids of various nature are widespread in nature, which
were determined as a result of experimental research in the science of rheology: Newtonian,
non-Newtonian, viscous-plastic, dilatant and other fluids. For each of these fluids, the laws of
friction are also presented, that is, Newton's law of friction, Bingham-Shvedov's law of
friction, Maxwell's, Sesson's, Z.P.Shulman's laws of friction. Filtration laws were also
introduced, which obey some of these laws, that is, the Generalized Course Law; for others,
the laws of filtration are unknown. One of the co-authors of the article promoted a new idea
that the laws of friction and the laws of filtration of liquids have a certain analogy and using it,
on the basis of the law of friction of a liquid, one can determine the law of filtration of the
same liquid.

Keywords: law of friction, law of filtration, analogy, Newton's law of friction, Darcy's law of
filtration, Bingham-Shvedov's law of friction, generalized Darcy's filtration law, Caesson's
filtration law, Z.P.Shulman's filtration law.
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PABPABOTKA COCTABA MATEPHAJIOB U CITOCOBbI
MOJIYYEHUS U3 HUX YIVIOTHUTEJEN JJIs1 Y3J0B HACOCOB

Ader AxadapoBa

Crapumii npenoaBarens, kadeapsl: “XuMudecKkas TEXHOJIOTHsL, epepaboTka 1 3koyorust” AzepOaiikaHCKOTo

TexHHYEeCKOTo YHUBEPCUTETa, JOKTOP (unocoduu mo TexHuke, Aszepbaitmkan. E-mail: afetceferova8gmail.com

PE3IOME

B crarbe paccmarpuBaeTcs kene30-4yryHHBIM IMOPOIIKOBBIM KOMIIO3ULMOHHBIA MaTepuai
JUI. U3TOTOBJICHUS YIJIOTHUTENEH, MCIOJIB3YEMBIX B y3Jlax TpeHus HacocoB. Ilomuepknyra
HEOO0XOMMOCTh BBIOOpA TOPOIIKA CHENHAIBHOIO YyryHa IMPH MOJYYCHHWU TaKUX THUIIOB
KOMIIO3UTOB. B KadecTBe TakOro 4yryHHOIro MOpOIIKa ObUT BBIOpaH CHElMaIbHBIN Cepbli
9YTYyH ¢ MEXKICHIPUTHBIM TOYEUHBIM Tpadutom. [IpencraBieHbl XHMHUYECKHH COCTaB U
CBOMCTBA CIELIMAIBHOIO YyI'yHa, @ TAK)KE€ IIATH IIUXT MOPOLIKOBBIX KOMIIO3UTOB, IOJy4YE€H-
HBIX XOJIO/JIHBIM IIPECCOBAHUEM U CIIEKaHHEM JJIsl YIUIOTHUTENEH HococoB. OMEUEHO 4To, TaK
KaK YIUIOTHUTENIN JOJDKHBI 00JalaTh ClEUUaTbHOW I'e€pMETUYHOCTBIO, CIICYEHHBIE JKEJe30-
YYI'YHHbIE KOMIIO3UThI HEOOXO/IMMO IO/IBEPraTh IMOCIEAYIOLEMY YIUIOTHEHHUIO.

KiroueBble ci10Ba: jKene30-4yryH, KOMITO3UIMS, MEXICHAPUTHBIM TOYEUHbIH Trpadur,
IIEPJINT, XUMUYECKUM COCTaB, IPOYHOCTH, IOPOIIKOBAS IIMXTA.

XULASO

Mogqalodo nasoslarin siirtiinmo qovsaglarinda istifados olunan kiplondiricilorin hazirlanmasi
iclin domir-¢uqun ovuntu kompozisiya materialina baxilir. Bu tip kompozitlorin alinmasinda
xlisusi guqunun ovuntusunun se¢ilmasinin zoruriyysti qeyd olunmusdur. Belo ¢uqun ovuntusu
kimi dendritloraras1 ndqtovi grafitli xiisusi boz ¢uqun secilmisdir. Xiisusi ¢uqunun kimyavi
torkibi va xassolari, habelo nasos kiplondiricilori iiglin soyuq presloma vo bisirma ilo alinan
ovuntu kompozitlorinin bes sixtosi toqdim olunmusdur. Qeyd olunur ki, kiplondiricilor xiisusi
hermetikliys malik olduqlarina goro domir-cuqun kompozitlorini sonraki sixlasdirmaya
ugratmaq lazimdir.

Acar sozlor: domir-guqun, dentritlorarast ndqtovi grafit, perlit, kimyavi torkib, méhkomlik,
ovuntu $ixtasi.

Beenenue: Jluteparypusiii ananu3 [1-3] nokasbiBaeT, 4TO IBETHBIE METAILIBI U UX CILIABHI a
TaK)kKe MaTrepuaibl HA OCHOBE MOJUMEPOB U APYTMX HEMETAJUIOB, PEKOMEHAYEMBIE JUJIS Y3JIOB
TPEHMs, JTOPOTOCTOSLINE U HE OYEHb MOAXOAAT IIPU MPOU3BOACTBE INPOLIECCa YINIOTHUTEIEH
HacocoB. XOTs MOPOIIKOBbIE MaTepHalibl Ha OCHOBE >Keje3a, OCOOCHHO 3jKeae30rpaduThl
TEXHOJIOTUYHBl M HE OYEHb JOPOTrOCTOSIINE, HO OHU HEHAJS)KHO paboTal0OT B TSKEIBIX
YCIIOBHSX 3KCIUTYyaTallluX YIUIOTHUTENEH.

[ToaTroMy ns YIUIOTHUTENEH Ba)KHO HCIOJB30BaTh HOBBIE KOMIIO3UI[MOHHBIE MaTepUabl,
KOTOpbIE MOTYyT paboTaTb B 00J€e TSKENbIX YCIOBUSAX U SIBIAIOTCA 3KOHOMHUYECKH
BBIFOJTHBIMU. AHAJIM3 W3BECTHOH JIMTEpaTypbl C 3TOM ILEJIbI0 TMOKA3bIBACT, YTO OOJBIIHI
WHTEpEC MPEACTABISIIOT pa3padoTaHHBIC aBTOPOM [4] KOMITO3UIIMOHHBIE MaTepHANIBI ‘Kee30-
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yyryn”. B maHHON paboTe peKOMEHAyeTCs WCIOJIb30BAaHHWE MOPOIIKOBOM IIMXTHI ‘KEle30-
gyryH" Ui CO3JaHUsl aHTU(PPUKIIMOHHBIX MAaTEPUAIOB C TETEPOTCHHOM CTPYKTypou. B
Ka4yecTBE MOPOIIKA YyryHa ObLI BRIOpaH MOPOIIOK CIENUATBHOIO YyT'yHa C MEKICHIPUTHBIM
ToueyHbIM rpadgutoM. Pacripenenenue rpadurta B MaTpHUIle 3TOrO YyryHa B BHJI€ TOUEYHBIX
BKJIFOUEHUH JETIAaET €ro OYE€Hb LIEHHBIM MaTEPUAIIOM JUIsl Y3JI0B TPEHUS.

OO0cy:xaeHne pe3yJbTaTOB HCCJAeAOBAHMA: MUKPOCTPYKTypa CIELMAIBHOTO 4YyryHa B
HCXOJHOM COCTOSIHMM IIpEJCTaBi€Ha Ha pucyHKe |. XMMHYECKUH COCTaB, TBEPAOCTb M
MHUKpPOCTPYKTYpa 3TOT0 UyryHa TaKk)Ke IIPEJICTaBICHbl HA PUCYHKE.

Pacnipenenenne rpadura B BHAE TOYEK MEXKIY ACHAPUTAMHU MOKET MOBBICUTH T€pPMETHY-
HOCTb IIOPOLLIKOBOT'O M3JIENINs IPU padoTe €ro B HACOCHBIX y3JaX BBICOKOTO JaBJICHUS, XOTS
10 IPOYHOCTHBIM CBOMCTBAM TaKOW YYyT'yH YCTYNAET APYTMM YYT'YHaM.

Jlnist moydeHusl YIUIOTHUTENEH ObUTH MPHUTOTOBIICHBI MIMXTHI ‘“KEJNE30-4yryH’ B IATH COC-
TaBax. beul B3aT nopomok xeneza no 'OCTy 9849-86 crannmaptHoil Mapkoi 11DK2.200.26.
CBolicTBa YIUIOTHUTENEH, MOJYyYEHHBIX XOJIOAHBIM IPECCOBAHHUEM U CIEKAHWEM IIMXTHI
“Kene30-uyyryH” JaHbel B Tabnuie. B nanHOM ciydae naBieHHE XOJOIHOTO MPECCOBaHUS
cocrasisier 1000 MITa a Temneparypa criekanus B cpeze sHaorasa — 1150° C.

Pucynke 1. MUKpOCTpYKTYpa ClIEHUAIBHOTO YyT'yHa!
a) — cocrostuue rpadura x100; 6) — maTpura x 400:
1) XumMHUEeCKHl COCTaB - KOJIMYECTBO 3JIEMEHTOB B Macce%o:
C2,0-3,0; Si 2,5-3,8; Mn 0,4-0,9; P<0,03; S<0,1
2) tBepnoctb,MIla:1660-2410;
3) MUKPOCTPYKTYpa - MEXIEHAPUTHBIM TOUeUHBIN TpaduT + MaTpuLa-IePIUT
WIN TIepIUT-PeppuT.

CBOﬁCTBa HOpOIHKOBLIX YHJIOTHPITeJIeﬁ B 3aBUCUMOCTH OT KOJIMUECTBA
MOPOIIIKA YyT'yHA B IITUXTE
Tabmuma
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[Ipu P = 2MlIa,
KonuuectBo —
[Tpenen VY napHuas V=1wm/c
MOPOIITKA OtHOcHTENIbHAS
" B UIOTHOCTS MIPOYHOCTH, BSI3KOCTD, HMHTECHCUBHOCTD
yrys MlIIa KC/m? HW3HAIIUBaHUS,
muxre, macc % MMM

10 92,6 210 480 69

20 92,0 225 500 62

30 914 195 580 50

40 90,9 185 450 48

50 90,7 245 340 45

OTMeTUM YTO, UCIOJIb3YeMbIH MOPOIIOK YyryHa ObLI IOJy4eH MyTeM H3MENbUCHMs BbIILE
YIOMSIHYTOW YyT'YHHOM CTPYKKHU B IIAPOBOW MEJIBHHUIIE.

Pa3zmMep yacTul] nopoIka 4yryHa, UCIoyib3yeMbIX B HIMXTe, cocTaBsil < 200MKM.

Hano yuuTeiBaTh, 9T0O MaKCMMaJIbHOE MCIOIB30BAHUE YYTYHHOTO MOPOIIKA B IIUXTE SKOHO-
MHYECKU LIEJIeCO00pa3HO M HUIpaeT BaXHYIO poJib B (OPMUPOBAHUU AaHTHU(PPUKLUOHHBIX
CBOWCTB yrutoTHUTENEH. OAHAKO OTCYTCTBHE TUIACTHYHOCTH YYT'YHHOTO ITOPOIIKA OTPaHUYH-
BaeT €ro MCMOJb30BAHUE B IIUXTE B OOJIBLIMX KoiuyecTBax. I103TOMYy MbI peKOMEHI0BaIU
HCIOJIb30BaTh IIKUXTHI ‘“KEI€30-YyryH”’, COCTaB KOTOPBIX COAEPKUT B ocHOBHOM 20% u 50%
MIOPOIIKA YyT'yHa, OCTAJIbHOE — OPOLIOK XKeJle3a.

Ha pucynke 2. npencraBiieHa MHKPOCTPYKTYpa jKeJIe304yTYHHBIX KOMITO3UTOB, COAEPIKAIINX
20 (a, 6) u 50 (c, n) maccel (B %) MOpOIIIKa YyTryHa B IITUXTE.

Crnenyer OTMETHTb, YTO IpEJIOKEHHBIE 00a cocTaBa 00Ja/any BHICOKUMU MEXaHUYECKUMHU
CBOMCTBaMH M HW3HOCOCTOMKOCTBIO (CM. TAOJIHILY).
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Puc.2 MuxpocTpyKTypbl KOMIIO3UTOB ‘’%kene30-4yryH’’ x400:
a, ¢ — cocTtosHue rpadura; 0, 1 — MaTpHUIla

Kak BHIHO M3 pUCYHKOB, MEXKICHAPUTHBIA TOYCUHBIA TPApHUT COXPAHSIET CBOIO TOUYCUHYIO
¢dopMy B cTpyKType 000HX COCTaBOB. Takoe COCTOSHUE MOXKET M03BOJIUTh 3TUM KOMIIO3UTaM
XOpomIo padoTaTh B YIUIOTHUTENSAX. 10 €cTh pPaBHOMEpPHOE paclpeleleHne TOYEUHOTO
rpaduTa MEXay YacTHIIaMU OOecrieyrBaeT HAJEeKHYI0 paboTy YIJIOTHUTENS HpPU CyXOd U
IPAaHUYHON CMa3Ke.

Hano oTMeTuTh, 4YTO YNJIOTHHUTEIH HACOCOB PA0OTAIOT B YCIOBUSAX BBICOKHMX CKOPOCTEH U
rpaHu4yHoro TtpeHus. [Ipu TpeHuMHM B pexMMe TpaHUYHOM CMa3KM KMJKOCTHas IJICHKa
CMa304YHOI'0 MaTepuajla He pas3feisieT TpylLluecs MOBEPXHOCTH, a CHOCOOHOCTh TBEpIOH
CMa3Kki (B HAIIeM Cily4ae TOYEYHOIo rpadura) MO3BOJISET CHUXKATh TPEHHE U M3HOC, U
MPEMATCTBOBATh 3ae1aHui0. TpuOOCONpPsKEHHs ONPEENSAIOT €ro CocoOHOCTh 00Pa30BhIBATh
Ha pabo4MX MOBEPXHOCTIX MPOYHbIE TPAHUYHBIE CIOU aICOPOMPOBAHHOTO MM XMMHUYECKOTO
MPOUCXOXKACHUSA, O00JIaatoIe MOHM)KEHHBIM CONPATUBIECHUEM CIBUTY IO CPAaBHEHHIO C
OCHOBHBIM METAJIJIOM.

Tpenue B ycnoBusax yuactus rpadura (T.e. MpU TPEHUM TPAHUYHOM CMa3KM) ONpejaesser
TaK)X€ CKJIIOHHOCTh KOHTaKTHUPYIOUIMX MaTepHalIOB K CXBAThIBAaHUIO Ha psijie (PaKkTHUECKUX
MHUKPOKAHTaKTaX MO BEPUIMHAM OTIENIbHBIX MUKPOHEPOBHOCTEH, Ha KOTOPBIX MOXKET OBbITH
paspyllieH rpaHUYHbIA cioi cMmas3ku. llpu 3TOM Hanmmyme TouyeyHoro rpadura B CTPYKType
MOPOIIKOBOI'O KOMIO3MTA MPEMATCTBYET Pa3pyLIEHUIO TPAaHUYHOIO CJ0s, T.€. 00pa30BaHMIO
CYXOT0 TPEHHS MKy TPYIIMMHUCS TOBEPXHOCTSIMH.

OnHako HEOOXOAMMO YUYUTHIBATh, YTO YIUIOTHUTEIH JOJDKHBI 0OJafaTh HCKIIOYUTEIbHOM
repMeTHYHOCThI0. ObecrneueHne repMeTHYHOCTH MPOIYKTa TEXHOIOTHEH XOIOAHOTO MPecco-
BaHUS U CIeKaHUs sBiseTcsa npobiemoid. [Ipu sToM mpearaemMple KOMIIO3UTHI UMEIOT JIBa
KOMIIOHEHTA, U Ka)Jblil KOMIIOHEHT UMEET CBOM CBOMCTBa B mpeccoBke. Iloatomy crnemyro-
MK 3Tal UCCIENI0BAaHUN MO MOJYYSHHUIO YIUIOTHHUTEIeH OyleT MOCBAILIEH TEOPETHYECKOMY
00OCHOBaHHIO TMPOLIECCOB YIJIOTHEHUS TaKOM IIMXTHI, COCTOSIIEH U3 yNpyro-miacTUYHON
Cpelbl.

BbiBoabI: BeiOpaH MOPOIIOK CHENHUATbHOTO YyryHaA C MEXKJICHAPUTHBIM TOUYEUHBIM I'padUTOM
IIPY  U3TOTOBJICHHM JKEJIC30YYTYHHBIX KOMIIO3UTOB JUI YIUIOTHUTENIEH HAcoCOB H
MIPEIIOKEHBl [MAPaMETPbl TEXHOJIOTUU  IONYYEHUS W3 HUX M3LCIHUM IIyTeM XOJIOZHOIO
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MPECCOBaHUsl IIUXTHl U CIIEKaHUsl MPECCOBOK. B KadecTBe marTepuasia MIMXThl ObUIA B3SThI
MOPOIIIKY KeJie3a U YyryHa B cooTHomeHuu S:1 u 1:5 .
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DETERMINATION OF THE COMPOSITION OF MATERIALS FOR SEALS OF
PUMP UNITS AND METHODS OF OBTAINING PRODUCTS FROM THEM
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ABSTRACT

Determination of the composition of materials and methods of obtaining products from them
for seals of pumping units. A powder composite material “iron-cast iron” is proposed for the
manufacture of seals used in friction units of pumps. The necessity of choosing cast iron
powder for obtaining compositions of this type is shown. As a powder of cast iron,a special
gray cast iron with interdendritic point graphite is proposed. The cremical composition,
properties of gray cast iron and the properties of powder compositions obtained by cold
pressing and sintering from five charge compositions. It is noted that due to the fact that the
seals must have special tightness, they must be subjected to subsequent compaction.

Key words: iron-castiron, composition, interdendritic point graphite, pearlite, chemical
composition, strength, powder charge.
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ABSTRACT

The performance of the heat exchanger network (HEN) in a plant is an important aspect of
energy conservation. “Pinch” technology and mathematical programming techniques offer an
effective and practical method for designing the HEN for new and retrofit projects. The fluid
catalytic cracking (FCC) is a dominant process in oil refineries and there has been a sustained
effort to improve the efficiency and yield of the unit over the years. HEN optimal design in FCC
process is an essential element in reducing the cost and improving the process as a whole. The
objective of this work is to introduce a systematic procedure for designing optimal and flexible
FCC-HEN that incorporates variations in feed flow rates and specs and on same time considers
different schedules imposed on the process.

Keywords: heat exchangers, fluid catalytic cracking, design of network, oil refinery, heat
recovery systems

Introduction: Fluid catalytic cracking (FCC) is an important process in oil refineries. It
converts atmospheric gas oil, vacuum gas oils, certain atmospheric residues and heavy stock
recovered from other refinery operations into high-octane gasoline, light fuel oils and olefin rich
light gases. Heat exchanger network (HEN) in FCC process can be optimized using pinch
technology, mathematical programming, combination of both or stochastic methods [1].

There are two ways for considering HEN design which are based on either sequential or
simultaneous approaches. The sequential approaches are taking in consideration fixed supply
and target temperatures while the simultaneous approaches are considering other design aspects
simultaneously with the optimal design of HEN [2].

Over the past 30 years, significant research contributions have been made in developing design
techniques for the synthesis of heat exchange networks (HENS) in general. Much of this work
has focused on heat integration as the overarching goals with objectives such as minimizing
heating and cooling utilities and total annualized cost of the network.

On the other hand, much less work has been done in the area of reconciling heat integration
with other process objectives. Mathematical programming techniques have been effectively
used to address several important categories of HENS. In an attempt to exploit the interactions
between the process operating conditions (i.e. stream temperatures and flowrates) and the heat
recovery network, Papoulias and Grossmann (1983) developed a strategy for simultaneous
optimization of the process and heat integration based on mixed integer linear programming
(MILP). This approach allows the flowrates to vary as part of optimizing the process and the
associated network of heat exchangers. In order to avoid nonlinear terms in the formulation,
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fixed temperature intervals are defined. Duran and Grossmann (1986) introduced a
mathematical approach for the optimization of heat exchange networks where the supply and
target temperatures are allowed to vary.

Mathematical constraints are introduced to account for the unknown temperature and to locate
candidate and true pinch points, thereby ensuring that the final flowsheet will feature the
minimum utility target. According to this approach, bounds on the energy requirements of the
process are explicitly included within the synthesis problem; however, the structure and overall
cost of the heat recovery system are not traded off with process costs.

Grossmann et al. (1998) developed another method for the simultaneous optimization of
flowsheet and heat integration. It is based on introducing integer variables that give a general
formulation for heat loads and composite curves [3-5]. Yee et al. (1990) proposed a structural
optimization model, where process alternatives are optimized simultaneously with the heat
exchanger network that accommodates the heating and cooling requirements of the process
streams. They introduced a superstructure representation which included many possible
flowsheet alternatives [4]. However, the number of variables and constraints that are needed to
produce the required mathematical representations may be large. Thus, simplifying assumptions
may be required.

Scope: Since the scope of this work is related to oil refineries, there are attempts designing
HEN for various units in oil refinery. Some of these consider design or retrofitting for HEN in
crude distillation or cracking units. Querzoli et al. (2003) reviewed the actual heat integration
performance of the existing crude distillation unit (CDU) and residual cracking unit (RCU) of
refining processes and identified potential areas for improvement. They developed retrofit
designs and operating strategies to increase heat integration also determine the economics of the
retrofit designs to assess if any of the options are commercially attractive.

Fraser and Gillespie studied the energy integration on the whole oil refinery where they
identified potential energy savings in the plant. It is mainly feasibility study rather than actual
retrofitting of existing HEN of the oil refinery. The contribution of Al-Riyami et al (2001),
which is interestingly enough study on FCC-HEN. They used pinch analysis for the retrofit
designs of FCC. The retrofit objective was to improve energy recovery and performance of the
existing network [6].

Al-Riyami used the incremental area efficiency method for targeting and the network pinch
method for retrofit designs. The existing network had a ATmin of 24°C and an area efficiency
of 81 %. The incremental area efficiency method produced a target ATmin of 12°C. Most of the
work done on FCC-HEN design is based on fixed supply and target temperatures so that HEN is
designed based on the most expected heating and cooling utilities requirement. For example,
work by Al-Riyami et al. (2001) where FCC-HEN is retrofitted with fixed supply and target
temperatures and flows. However, that misses the opportunity to design an optimal HEN that
allows flexibility considering different variations in the process parameters as a result of
increase in production or more stringent environmental regulations. In FCC process, heat
integration is typically included in the base-case design according to the nominal input data.
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Figure 1: FCC industrial case of refinery

FCC industrial unite (heat recovery): Fluid Catalytic Cracking unit in oil refinery in Saudi
Arabia is taken as a base case design for the study on efficient use of energy in oil refining
industry. Figure 1 shows the HEN in the FCC plant where that covers energy use in the reactor-
regenerator section and the fractionation section as well.

The heat exchangers in the FCC plant are divided into data are both Shell & Tube Heat
Exchangers and Air Cooled Heat Exchangers [7]. The Shell & Tube HE heats mainly the feed
stream where the air cooled HE are mainly cooling the products. There are utility HEs as well as
in process HEs. The streams and temperature data are extracted and shown in Table 1.

Analysis and Results: The analysis of HEs streams are shown in Table 1 where the HEs flows
as well as the heat capacities of various streams are calculated by TBP curves using ASPEN
simulation software. The properties of the light cycle oil, heavy cycle oil and other heavy
products are calculated at the associated temperatures by the analysis using ASPEN.
Mathematical programming methods are used to optimize the production scheduling and
maximizing the heat recovery from the FCC process. The problem is mixed integers
programming where the branch and bound methods are used to solve it by the optimizer
software.

Table 2 shows the results when the scheduling effects are considered for the FCC-HEN design.

Conclusions: Simultaneous process scheduling and heat integration has been introduced and
applied on FCC process. This approach includes design modifications, heat integration, and
anticipated schedules. This approach determines the optimal production while considering heat
integration of the process. Trade-off between the two competing objectives has been established
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in this approach. The results show the merits of including scheduling of production effects in
the design phase of HEN in the oil refining industry.

Table 1: Shell & Tube Heat Exchangers

Heat Flowrate  in.Temp  out Temp Flow rate  in. Temp out. Temp.

Exchanger #  Fluid Name (kg/s) ("C) ('C) Fluid Name (kg/s) (C). ("C)

E-0(A-H)  Main Column Overhead 1181 68 40.5 Cooling Water 214.1 333 50

E-05(AB) 5 atm Steam 49K 1378 170 Light Cycle Oil 140.7 2198 1906

E-07 Stnpped L.C.O 291 2271 176.7 LP Boliler Feed Water 384 138 160

E-09 M.P Steam 4.9 192 192 HC.0 50.5 336.6 2183

E-10 M.P Stcam 1395 192 192 Stapped HCO 17.9 3232 2183
MC Bottoms+Catalyst

E-12(NMB) HP.Steam 98.5 261 261 Fines 308.6 360 56
MCB Product+Catalyst

E-13 Water 26.6 383 49 Fines 4.4 260 138
M.C Bottoms+Catalyst

E-14(AB) Vaccum Gas Oil 1123 1878 2715 Fines 212.2 360 3156
M.C Bottoms+Catalyst

E-1§ High Pressure Steam 2545 261 261 Fines 63.9 360 3044
M.C Bottoms +Catalyst

E-16(A/B)  M.PSteam 4.1 192 192 Fines 63.9 344 2128

E«17(AMB) Interstage Fluid 1873 n 40.5C Cooling Water 1124 333 405

E-18(A-D)  HighPressure Fluid 118X 73 40.5 Cooling Water 184 333 50

E-19 20 wt Amine Soln 70 60 46.1 Cooling Water 718 333 46.1
M.P.Bottoms+Catalyst

E-20(AB)  M.PSteam 1228 192 192 Fines 308.6 3156 260

E-21 MCB Product 4 149 82 Water 26.6 333 383

E-22 Cooling Wakr 4.14 333 49 Vaccum Gas Oil 20.4 204 149

E-25(AB)  Light Cycle Ol - 794 378 Cooling Water - 30 411

Table 2: FCC-HEN base and optimum cases

Value Base Case Optimum Case
Feed (BPD) 27.000 45,000
Gasoline Pdn (BPD) 29.845 41,766
Ou" (MW) 9.1 7.6

427 353

Oc (MW)
Gasoline Profit Annual (SMM) 12.5 18.6
Utilities Annual Cost (SMM) 2.2 1.88
Annual Profit (SMM) 8.4 152
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XULASO

Zavoddlarda istilik miibadilosi sobokoesinin (IMS) mohsuldarlii enerji gonaotinin vacib bir
aspektidir. "Cimdik" texnologiyasi vo riyazi proqramlasdirma metodlar1 yeni vo miiasir-
logdirilmis layiholor iiciin IMS-in effektiv vo praktik dizayn metodunu toklif edir. Maye katalitik
kreking (MKK) neft emal1 zavodlarinda dominant prosesdir vo uzun illor orzinde qurgunun
somoraliliyinin vo mohsuldarligmin artirilmasi {i¢iin daimi éndodir. MKK prosesindo IMS-in
optimal dizayn1 xorclorin azaldilmasi vo timumi prosesin yaxsilasdirilmast tiglin miihiim
elementdir. Bu isin magsadi xarclorin va spesifikasiyalarin variasiyalarini 6ziinds birlogdiren vo
eyni zamanda prosesa qoyulmus miixtolif mohdudiyyatlori nazars alan optimal vo gevik IMS -
FKK-nin layihalosdirilmoesinin sistematik prosedurunu totbiq etmokdir.

Acar sozlar: istilik miibadilosi aparatlari, maye katalitik kreking, sobakenin layihalondirilmasi,
neft emaly, istilik rekuperasiyasi sistemlori.
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PAKERIN i$S QABILIYYOTININ YAXSILASDIRILMASI
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XULASO

Paker, neft gazi vo vurulma quyularinda istismar, tomir vo istismar islori zamani birlogsmolori
ayirmaq, borularin istehsal tellorini otraf miihitin tosirlorindon tocrid etmok ii¢lin hazirlanmis
bir cihazdir. Pakerlor hidravlik qirilma, layin termal tursu ilo islonmaosi, izolyasiya islori,
hidrosand-jet perforasiya va s. kimi texnoloji amoliyyatlarda genis totbiq tapmigdir. Pakerlor
neft quyusunun hissolorini saquli olaraq ayirmaq vo govde ipinin zadolonmis hissalorini
baglamagq iigiin istifado olunur. Bir ne¢o saat (masolon, hidravlik girilma zamani), bir nego ay
(istilik dastyicilarini vurarken) vo ya bir ne¢a il (masolon, miixtolif neft hasilati metodlar {igiin
qablasdiricilar) tiglin miintozom yoxlama vo tomir olmadan bir quyuda islomok {igiin nozordo
tutulmusdur. Pakerlor torofindon gobul edilon tozyiq diismolori 7 ilo 70 MPa arasinda ola bilor.
Quyularin istismar1 zamani atraf miihitin temperaturu 40 ilo 100°C arasinda doyiso bilor vo
bozi hallarda lay {izorindo istilik tosiri altinda 300-400°C-ya ¢atir. Paketleyicinin isladiyi
miihit imumiyyastlo metal i¢lin asindiricidir vo yag vo qaz torkibi qablasdirma materialinin
diggotlo segilmosini tolob edir. Istehsal zamani, pakerlor adoton quyunun gabiq hissosine
quragdirilir vo boru komari tizerinds isloyirlor. Magsadine uygun olaraq etibarli islomoyi
tomin etmok li¢iin pakerlors asagidaki osas toloblor qoyulur:

* paker “is tozyiqi” adlanan hoddindon artiq soraitdo ona tasir géstoran maksimum diferensial
tozyiqe davamli olmalidir;

* pakerin 0zii ilo istehsal ipinin divar1 arasinda optimal boslugu tomin edon xarici diametri
olmalidir, bunu etdikdon sonra six bir alaqe yaratmalidir.

Acar sozlar: paker, masingayirma, qovsaq, boru birlogdirici.

Giris: VNIIPI partlayis geofizikasi torafindon hazirlanmis partlayici pakerlor (VP) quyularin
islonmosi tigiin istifados edilo bilor.

Belo pakerlorin bir ne¢o modifikasiyasi hazirlanmigdir:

- metal s1zdirmazliq elementi olan VP;

- Birlosdirilmis mohiirlii VPM (dodaq);

- PVE (isloyan);

- PVC (sementlom»).

[k iki modifikasiyanmn paker qab1 vo partlayisdan sonra deformasiya olunmus paker govdosi
arasindaki siirtiinma qilivvalori sababindon quyuda sabitlonir; yalniz quyuda bir fis paker kimi
xidmat eds bilorlor.

Son iki modifikasiyada partlayisdan sonraki qiivve yuxarida tosvir olunan dizaynlarda oldugu
kimi pakerin gablasdirma vo fiksasiya elementlorino tosir gostorir vo partlama kamerasi
effektiv sokilde ambalaj¢inin enma vasitasidir.

Pakerin islomo prinsipi asagidaki kimidir. Yigincagi ovvalcoadon miisyyon edilmis bir
dorinliys endirdikdon sonra kabeldon elektrik coroyani nobzi verilir, elektrik alovlandiricist igo
salinir vo toz mentese yanir. Tozun yanmasi zamani omalo golon qazlarin tozyiqinin tosiri
altinda gablagdirma govdosi gqabigin daxili divarina donmoz sokildo deformasiyaya ugrayir vo
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belaliklo kasada bir tixac yaranir. Qaz tozyiqi altinda, paker birlosma qoluna nisboton yuxariya
dogru horokot edir. Bu voziyyotds, toplar fisin yivino batir vo adapterin gablasdiricidan
ayrilmasini tomin edir.

Isin aktualhgi: Pakerlo birbasa olagoli hissolor asanligla qazila bilon bir materialdan
(aliminium orintisi) hazirlanir vo pakeri ¢ixarmaq U¢iin lazim olduqda gazilir. Ambalaj¢inin
diametri itolayici qazlarin tosiri altinda qabigin deformasiyasit mohv edilmadon bas veracok
sokildo hesablanir. Deformasiya, materialin plastikliyi i¢orisindo olmalidir vo paker gévdosi
ilo govdo arasinda etibarli bir moéhiir vo bag {igiin baglamanin daxili divarina ¢catmalidir.

VP tipli partlayict bir pakerin iistiinliiklori dizaynin sadsliyi, boru komori islomadon quyuya
qurasdirilmasi ehtimalidir. Bununla yanasi, ¢atismazliglar da var: mohdud ohato dairosi -
paker yalniz quyuda aparilan isin texnologiyasi ii¢iin bir fis pakeri tolob olunduqda istifado
edilo bilar; paketleyicinin six ayart hor zaman aldo olunmur vo ya zamanla pozulmur, yani.
quyu soraitindo metaldan metala sixilma (korpus - paker gévdosi) etibarsizdir; buna gors do
saholordoki partlayici pakerlor tixac kimi istifados olunur vo ardinca bir ip tsulu ilo sement
korpiisiiniin qurasdirilmasi, bu da istifadesinin somarsliliyini shomiyyatli deracads artirir.
Partlayic1 VP tipli VP, 60 MPa-a qodor bir tozyiq diismasi {i¢iin xarici diametri 88 ilo 135 mm
arasinda olan alt1 standart Ol¢iido hazirlanmisdir.

Isin moaqsadi: Pakerlorin vo onun elementlorinin funksional mogsedi: neft quyusunun
acilmas1 vo ya mohiirlonmasi; qurasdirma zamani vo bir tozyiq diismosi tosiri altinda ox
qiivvalorinin gavranilmasi; qablagdirma elementlorinin quyuya axmasi zamani va qablag-
diricinin quragdirilmasi vo ya ¢ixarilmasi zamani nozarat; bazi texnoloji funksiyalarin icrasi.
Biitlin bunlar asagidaki elementlori oshato edon struktur diaqramini miioyyanlosdirir; mohiir-
lomo elementlori, Pakerlomo dostoyi, paker idaroetms sistemi, texnoloji cihazlari.

Pakerin toyinat1 alifba vo odadi hissalordon ibarotdir. Masslon PV-YAGM-122-35K:

Hoarflorin PV gablasdirma ndviinii ifads etdiyi yerlords - yuxariya dogru yonoaldilmis tozyiq
forqini qobul edon pakerdi;

| - bir ¢capa cihazinin olmasi;

HM - pakerin hidromekanikast;

122 - xarici diametri, mm;

35 - paker torafindon qobul edilon maksimum tozyiq diismasi, MPa;

K - korroziyaya davamli dizayn.

Siirtisma tutucu on ¢ox pakerlords istifads olunur. Siirlisms tutucusunun bir konus 4 (sokil 1-9
bax) vo bir ox ilo gollar 5, eksenel olaraq yerindon doyisdirildikdo, konusa dogru iraliloyir vo
diametri forqlonorak, gdvds ipine bastirilir. Quyu iiciin kosorkon paker ox qiivvelarini qobul
eda bilar. Qaliblor konusda hazirlanmis yivler boyunca harakat edir. Yiv, galiblorin konusdan
uzaqlagsmasina imkan vermoyon "gOyor¢in" soklindadir. Qoliblorin materiali imumiyyatlo
20X poladdir. Sortliyini 50 ... 55 HRC-yoa qodor artirmaq iiglin goliblor iimumiyyatlo
sementlonir vo soth sortlosmasino moruz qalir. Pakerin qabiq ipi ilo birlosmasi soth boyunca
deyil, bir ne¢o ndqtads bas vera bilar (asason qgalib vo borunun ciitlogsma sathlorinin miixtalif
diametrlori sobobindon), buna géro do goliblor ayilma yiiklorini qirilmadan qobul edo bilor
(polad 20X).
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Sokil 1. Mexanik paker sxemi:

1 — qgol yuvast; 2 — pin; 3 —burug; 4 — yay; 5 — pakerin corayan;
6, 7 — sizdirmazliq elementlari; 8 — konus; 9 — siiriisma tutucu

Yaylar1 olan siiriigmo tutucunun dizayn1 da var. Konus 8-o yaylar torsfindon basilan ii¢
coryandan (9) ibaratdir (sokil 1). Paker isloyorkon vo ya yuxari ¢okorkon siiriismolor konusun
altindadir vo sorbast diametrdo korpusa daxil olur. Bu vaziyyeatds, borulara birlosdirilmis,
paker ¢ubugunda sabitlonmis bir pin 2 torofindon tutulur. Pin, siirgiilorin qosuldugu qolun 3
yivino daxil olur. Belolikla, siirlismoalor konusa yaxinlagmir, bu da qablasdirma c¢ubuguna
olavo olunur. Pakerin qurasdirildig1 yerds borular vo gablasdirma ¢ubugu dondarilir ki, qolu 3
qisa yuvasindan sancagi 2 ¢ixarib qolun yuvasina kogiirsiin.

Bu anda qol vo siirlismalor bir yay 4 torofindon tutulur, siirtinmo qabiga garsi biitiin bu
hissalorin agirligini alir. Borulari vo ambalaj gubugunu déndardikdon vo asagi saldigdan sonra
konus siirlismoya giracok, genislondiracok vo bazaya basacaq. Konara ¢ixmalardak: ¢ixintilar
onlar1 gdvdo borularinda yerlogdirmok {igiin kifayst qodor giic yaradir [9].

Paker baglamasinin etibarliligini artirmaq {i¢iin siirlismoalordo bozon gdvdo goliblorindoki
bosluga gedon bir yaxa var. Tosssiif ki, korpus goliblorindoki eksenel masafo bdyiik bir
tolerantliga malikdir vo tozyiq enmoasi meydana goldikdo, paker harokot eds bilar ki, bu da
sizdirmazliq elementlorinin asinmasina sabab ola bilor. Buna gora do, bu ciir dayaqlar yaxa
boslugunda mohkam bir toleranthiga malik olan yiiksok sizdirmazliq borulari olan gdvda
iplorindo tovsiye edilo bilar.

Pakerin borkidilmoesinin mexaniki {isulunun ohomiyyatli bir c¢atismazligi boru komarini
¢evirmok lazimdir.

Hidromekanik paker PN-YGM (sokil 2) neft vo qaz dorin saquli vo meylli quyularin istehsal
tellorini ayirmaq {igiin nozords tutulmusdur. Paker sizdirmazliq, fiksasiya, acar cihazlar vo
hidravlik aktuatordan ibaratdir. Pakeri lazimi darinlikds diizoltmak iicilin borulara bir top atilir
va boru boslugunda artiq tozyiq yaranir. Paker doliyindaki a desikdon kegon maye pistonun
altima girir. 10 MPa tozyiqds, piston qol tutucusunu italayir, vintlori kasir, galiblor konusa
kegir vo istehsal ipinin divarina sdykenorok mohiir mansetlorini sixmagq tiglin bir dayanacaq
yaradir. Boru kiitlasinin tosiri altinda, galiblor istehsal zolaginin divarina yerlosdirilir, baglama
zonalarmin 16vborlonmasi vo tocrid olunmasimi tomin edir. Pakerin keg¢id ¢uxuru, tozyiq 21
MPa qalxdigda agilir. Bu vintlori kasir vo top oturacaga tokiir. Paker boru ipini ¢okorok
gotiiriiliir. Eksenel yiik cixarildigda, mansetlor sorbost buraxilir vo liilo yuxariya dogru
iraliloyir, galiblori sarbast buraxan konusun arxasina ¢okir.

Iki osas elemento (méohiir vo dostok) olavo olaraq, pakerlords bir sira xiisusi qurgular var.
Beloliklo, masalon, nasos omaliyyati quyunun miivoqqgeti axanina vo nasos dayandiqda qazin
sorbast qalmasina sobab ola bilor vo bu sobabdon tohliikasizlik toloblorine gora, avadanliq
galdirmadan oavval quyunu agir bir maye ilo tomizlomok lazimdir. Bu voziyyatdo, qablas-
diricilar baglama agarlari ils tochiz olunmusdur. Bels bir klapana sahib olan paker quyunu agir
mayelorlo tomizlomok ehtiyacini aradan galdirir. Maye nasosla ¢okildikdo, paker vali xiisusi
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bir cihazla agilir. Nasos qalxdiqda, qapaq baglanir vo gdvdonin alt hissasi yuxart hissadon
ayrilir. Avadanliglar quyu tomizlonilmadon quyudan ¢ixarilir, bu da vaxta vo pula qonast edir,
ham da yeralt1 isdon sonra quyu rejiming siiratli ¢ix1s1 tomin edir.

Bozon pakero tosir edon eksenel qiivvo ohomiyyatlidir vo paker siirlismasi onu etibarli bir
sokildo monimsays bilmoz. Sonra asagi tozyiq torofindon pakers olavo bir eksenel dostok
rolunu oynayan bir ¢apa qurasdirilmigdir. Hidravlik 16vber (sokil 3) bir dasinma tohliikesizlik
qolu vo tapast ilo yigilmis sokildo gostorilir. ©Omoliyyat zamani boru komorino endirilon
16vbar, qollara basib korpusa basan kaucuk borulu diafragmaya tosir gostoron artiq daxili
maye tozyiqino maruz qalir. Qiliblorin bir ¢ixintisi var, bu da gévdo dizino yapismasini artirir.
Capa, halgali boslugu mdohiirlomadon boru zolagini baglamaq lazim olduqda paker olmadan
istifads edilo bilor.
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Sakil 2. Hidromekanik paker PN-YGM novii:
1 — debriyaj; 2 — vurgu; 3 — manset; 4 — paker barel; 5 — klip; 6 — konus; 7 — agar; 8 — bosqab;
9 — golib tutucu; 10 — bolt; 11 — gévdo; 12 — piston; 13 — vana govdasi; 14 — top;
15 — vana oturacagi; 16 — qay¢i bolt
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Saokil 3. Hidravlik ¢apa:
1 — nagliyyat tapasi; 2 — bas; 3 — badon; 4 — borulu kauguk diafragma; 5 — tomizlomo;
6 — vida; 7 — acar; 8 — bolt; 9 — baldir; 10 — nogliyyat qozu

Natica; ©Omoliyyat zamani, pakers ildo on az1 iki dofo tozyig etmok lazimdir. Bu profilaktik
tozyiq testlari inyeksiya tozyiginds aparila bilar.

Paker 06z-0ziino axan quyunun yuyulmasina imkan verir (rezervuar tozyiqgi hidrostatik
tozyiqdan ¢ox oldugda). On az1 li¢ ayda bir dofo yuyulmaq tovsiya olunur.

Rezervuarlarin todqiqi maksimum diametri valfin axin kanalindan az olan quyu alatlori ilo
aparilir.

Paker borusu ipi ils birlikds qaldirtlir.

Paker qaldirildigdan sonra sokiilmali, tomizlonmali vo korroziyaya qarsi yag ilo yaglan-
malidir.
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IMPROVING THE PACKAGE'S ABILITY

Elman Hasanov

Master, Azerbaijan State Oil and Industry University, Azerbaijan. E-mail: elman_hesenov1@hotmail.com
ABSTRACT

Packer is a device designed for disconnection of joints during operation, repair and
maintenance of oil and gas and oil wells, for insulation of technological pipelines around the
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impact of the environment. Packers can be used for widely used in technological operations
such as hydraulic fracturing, acid-thermal processing of plastics, insulating works,
hydropeskostruynoy perforation and others. Packers are used for vertical separation of parts of
oil wells and closure of damaged parts of the cable body. It is calculated for the work in the
well for several hours (for example, during fracturing), for several months (when hitting the
heaters) or for several years (for example, packers for various extraction methods of extraction
of oil). Pressure drop, perceived by packers, can be from 7 to 70 MPa. During the operation of
the well, the temperature of the surrounding medium can fluctuate from 40 to 100°C, and in
some cases reaches 300-400°C under the influence of heat on the formation. The environment
in which the packer operates usually causes corrosion of the metal, and the content of oil and
gas requires a thorough selection of packaging material. During mining, packers are usually
installed in the casing well and work on the pipeline. The packers are presented with the
following basic requirements for ensuring reliable work in accordance with their purpose:

* the packer has to withstand the maximum pressure drop under extreme conditions, called
"working pressure”;

» The packer itself must have an outside diameter that ensures the optimal gap between the
wall of the operating rope and, after that, a tight connection.

Keywords: packer, machine building, plug, pipe connector.
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DETERMINATION OF MECHANICAL PROPERTIES OF COMPOSITE
MATERIALS WITH DIFFERENT FILLERS POLYMER MATRIX

1Zaka Salimov, Matanat Jabiyeva
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ABSTRACT

In this study, the preparation and characterization of carbon fiber reinforced epoxy composites
are aimed at today's increasing use of composite materials. In this study, composite materials
consisting of unidirectional carbon fiber-epoxy resin were prepared and the effects of fiber
inclination angle on layered epoxy composite materials were investigated using various
characterization techniques. Composite materials were prepared by autoclave method. At the
stage of characterization of prepared composite materials Scanning electron microscopy
(SEM) has been applied for tensile, compression tests and characterization of fracture surfaces
to determine the mechanical properties.

Keywords: Carbon fiber,epoxy resin,polymer composite,mechanical properties.

XULASO

Bu isdo karbon liflo moéhkomlondirilmis epoksit matrisli kompozitlorin istehsali vo
xarakteristikasi, giiniimiizds artan kompozit materiallarin istifadosino yonoaldilmisdir. Bu isdo
bir istigamotli karbon fiber parca vo epoksit gotranindan ibarot kompozit materiallar
hazirlanmis vo miixtolif xarakterizo tisullart ilo lifli meyl bucaginin layli epoksit kompozit
materiallara tosiri arasdirilmisdir. Kompozit materiallar avtoklav iisulu ils istehsal edilmisdir.
Kompozit materiallarin mexaniki xiisusiyyatlorini toyin etmok iiclin dartilmaya sinanma,
sixilma va kasilma testlori aparilmigdir. Kompozit materiallarin siniq sathi skan edici elektron
mikroskopu (SEM) ils aragdirilmisdir.

Acar sozlar: Karbon lif, epoksi qatran, polimer kompozit, mexaniki xassalor

Shindo and friends experimentally and analytically investigated the tensile and damage
behavior of glass fiber reinforced the polymer woven sheets at decreasing temperature.
Tensile tests were gradually applied to the samples at room temperature, 77, 20 and 4K
temperatures. Acoustic (sound distribution pattern) emission monitor was used during the
tensile test to determine the damage development. Two-dimensional finite element model is
used for the progressive damage analysis. The tensile and damage behavior of G-11 woven-
fabric glass / epoxy layers was investigated at room temperature, 77, 20, and 4K temperatures.
The length and tensile properties of the sample were not affected much. The damage behavior
of the sample surface has included experimental observations [1]. Kim and friends have
studied the tensile strength of graphite / epoxy composites at low temperatures. The tensile
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properties of the T700 / epoxy composite have undergone thermo-mechanical loading at low
temperatures in an environmental test chamber. Thermo-mechanical tensile loads were
applied to T700 / epoxy unidirectional laminates from room temperature (RT) to -50 °C, from
RT to -100 °C and from RT to -150 °C (CT), respectively. The results show that when the
thermo-mechanical cycle has little effect, the tensile stiffness increases significantly with the
temperature drop. After the CT process, when the rate of decrease in strength is decreased,
the tensile strength has decreased while the temperature is below the CT. For the analysis of
test results, the thermal expansion coefficients (CTEs) of the layered composite sample at
both temperatures were measured at RT and CT and the fiber and matrix interface were
observed using SEM images. The effects of thermomechanical loading cycle on T700 / epoxy
unidirectional composites and changes in hardness and strength when it falls below -150 °C
were investigated. Tensile hardness tended to increase with decrease in temperature, and after
three temperature cycles intense sensitivity occurred. On the other hand, the strength has
decreased. These results were investigated by the measurements of CTEs of the strata. From
the results obtained from the tensile test and photomicrographs of fractured samples, similar
hardness and strength values of T700 / epoxy unidirectional layers tend to give similar results
[2,3]. They investigated the fracture toughness of fiber damage types in tensile and
compression of Pinho and its types laminated composites. Fiber tensile damage and
compression fiber entanglement and fracture toughness in T300 / 913 carbon-epoxy layered
composite were measured using compact tensile (CT) and compact compression (CC) tests.
The sample strain area was monitored during the test using a digital point photogrammetry
system. After the tests, the damage status of the samples was investigated using C-scan and
optical and scanning electron microscopy methods. The critical release energy velocity
starting and spreading values in fiber tensile damage were determined as 91.6 kj / m? and 133
kj / m2. The initial value for fiber compression entanglement was 79.9 kj / m? but no
significant spreading values were obtained. In both cases the test results showed a low bias
[3,4,5].

Wonderly and friends examined the comparison of mechanical properties of carbon fiber /
vinyl ester composite and glass fiber vinyl ester composites in their study. Glass and carbon
fiber reinforced sheets are produced by vacuum infusion of vinyl ester into biaxial glass and
carbon fibers. They performed tensile, compression, open-hole pull and open-hole
compression, transverse pull, notch and ballistic impact tests to determine the durability of
glass and carbon fiber samples. The carbon fiber layers were mechanically high under tensile
loading where the fibers were dominant and under notch strength loading conditions. For
equal thickness laminates, the ratio of strength of carbon fiber layers to strength of glass fiber
layer was found to be similar to the ratio of fiber tensile strength.

Damage in carbon fiber specimens is generally distributed in a certain area and with a higher
resistance than glass fiber specimens [6,7].

Material and method; In this study, a unidirectional carbon fiber poxy resin prepreg
containing 34% resin was used. In the continuation of the study, the codes specified in Table 1
will be used to describe the sample groups. In the preparation of sample groups, the same
sample preparation method was used except prepreg layers and fiber orientation changes.
Autoclave method was used in the preparation of composite samples.

Sample Preparation Method: The mold to be used has been cleaned. Methyl ethyl ketone
(MEK) was used to clean. Frecote ® 44-NC is used as a separator. The separator was applied
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in three layers at 00, 45 0 and 900 and cleaned for 15 minutes in the direction applied
between each layer. The mold was heated to 60 °C with the help of a heat gun. Prepreg
material was stored at -18 °C and kept at room temperature for 8 hours before use. Prepreg
cutting was made automatically in 30x30 cm dimensions in a controlled manner in computer
environment. The first prepreg prepared in the desired configuration was laid by hand.
Generally, a non-porous or less porous barrier film is laid on it to ensure that the part does not
stick to the vacuum bag. Then, an aerator, which is made of glass fiber and polyester and has a
highly porous structure, is placed in order to distribute the vacuum applied on the barrier film
homogeneously throughout the whole surface of the part. An air cushion was placed on the
aerator and a vacuum bag was covered over the prepared part. The vacuum bag is attached to
the sides with a sealing tape. Then the parts of the vacuum bag on the air bag were cut and a
suction nozzle (path) wasattached to 2 m? and 1 extra suction nozzle was used for
measurement. It was connected to vacuum and full vacuum was applied for 15 minutes at 1
atm. The bag was then opened and the same procedures were repeated after all three layers of
prepreg were laid. Thermocouple is attached to the edge of the mold to adjust the warming-
cooling state in the autoclave in the cavity of 1 in. The other end of the thermocouple is
attached to the autoclave. The bag was then opened and another sealing tape was affixed to
the edges to rest on the autoclave, and the bag was closed again. It was then placed in the
autoclave and checked for vacuum leakage. The temperature was increased to 180 °C with 2
°C / min heating rate and the pressure was increased to 6.9 bar. It was kept at 180 °C for 2
hours and cooling was performed at a speed of 3 °C / min. When the temperature drops to 60
OC, the pressure is removed. Then the piece is removed. The sample was removed from the
mold and the protrusions on the edges were cut. The samples were cut with a carbon knife
according to the test size to be applied. The parts called hanger and support on the end, which
are generally made of epoxy resin glass fiber, are glued using film adhesive and the autoclave
process is repeated by re-bagging. Sample groups, fiber directions and number of layers are
given in Tablel.

Table 1.
Prepared sample groups, fiber orientation and number of layers
Sample Orientation Layer Paving configuration
groups number
Eo 0° 10 0°
EQ0 90° 10 90°
E442 40/40/20 10 0/+45/90/-45/0/0/-
45/90/+45/0
E262 20/60/20 10 +45/0/-45/90/+45/-
45/90/+45/0/-45
Elss +/-45 10 +/-45
E245 +/-45 12 +/-45

In the routing forms specified in the Table 1, the routing type specified with 40/40/20 refers to
the routing numbers of 0%/ + 45°/90°. For example; In a composite of 10 layers, 4 of the
layers are 00, 4 are + 45° and 2 are 90° orientation in 40/40/20 orientation. Of the 4 + 45°
rotations, 2 are + 45°, and 2 are -45°.
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Figure 1. Directions of fiber placement
a) 0° routing b) 90° orientation c) + 45° routing d) -45° routing

Characterization of Composite Samples: All mechanical tests were carried out at room
temperature and at least 5 samples were tested for each set of samples and their arithmetic
mean was used. Mechanical tests were performed using an Instron 8502 (300 kN) test device
at 60-100 kN loads. As a result of the tests, the standard deviation values are Eq. Calculated
according to 1 [35]

2 — 2
$= \/n—l_n

S = calculated standard deviation,

X = arithmetic mean of observation sets

X = value of one observation, n = number of observations

Tensile test. Tensile tests were carried out in accordance with EN 2597 (Carbon Fiber
Reinforced Plastics-One Way Laminates-Vertical Tensile Test).

Compression test. Compression tests were carried out in accordance with EN 2850 (Aviation
series, carbon fiber thermoset resin one-way laminates, compression test in fiber direction).
Slip plane test. In-plane slip tests were performed in accordance with EN ISO 14128 (Fiber-
reinforced plastic composites - determination of shear stress / shear stress response in the
aircraft, including shear modulus and shear strength - + 45 ° tensile test method).

Carrying test. Transport tests were performed in accordance with ASTM D953-02 (Standard
Test Method for Plastic Carrier Durability).

Scanning electron microscopy (SEM). The fracture surfaces obtained as a result of the
mechanical tests of the experimental samples were coated with gold in order to obtain a
conductive surface and to get a better image, and using the JEOL 6060 LV Scanning Electron
Microscope (SEM), the interface and the interaction between unidirectional carbon fiber /
epoxy resin composites at various magnifications were examined.

Results and Discussion: As a result of the tensile test, as seen in Table 1, the sample group
with the highest tensile strength and tensile modulus of Oo orientation gave the highest tensile
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strength and tensile modulus value from the sample groups prepared with different
orientations in equal number of layers from unidirectional carbon fiber-epoxy resin prepregs.
The tensile strength of the Eo sample group was found to be 1713.48 MPa and the tensile
modulus value as 127.12 GPa. E90 sample group with 90° orientation gave the lowest tensile
strength value with 65.02 MPa tensile strength and 10.43 GPa tensile modulus. At the same
time, as the 0° direction ratio increases in other routing types, the strength increases. The
reason for this is that the sample, which is forced to pull in the direction of the fiber, does not
break easily due to the high tensile strength of the fibers, on the contrary, it is thought that the
fibers are easily separated from the matrix as a result of the bending of the fibers in the
opposite tensile loading.

As shown in Table 2, 0/+45/90/-45/0/-45/90/+45/0 driven E442 and +45/0 /-45 /90/+45/-45/
as a result of the transport test Among the 90 /+45/0 /-45 oriented E262 sample groups, the
E262 sample group gave higher transport values than the E442 sample group, the load
resistance was 1010.46 MPa and the transport module was 105.17 GPa. This result shows that
the carrier force and carrier modulus values increased as the 0° directed coefficient decreased.

The reason for this is 0° in the transport test.

The E145 has a shear strength of 75.20 MPa and a shear modulus of 5.00 MPa from ten layers
of prepreg tested in the plain shear test with an orientation of = 45° from the E145 sample
groups and from the E245 sample group with an orientation of + 45°. pre-sheets.The cutting
force on the plane was 78.31MPa and the cutting module on the plane was 5.23 MPa.

Table 2
Tensile test and carry test values of sample groups
Tests Sample group Strength (MPa) Modul (GPa)
Tensile test Eo 1713,48+6,31 127,12+2,46
Tensile test Eqo 65,02+2,56 10,43+0,58
Tensile test Eas 747,92+7,45 90,41+0.59
Tensile test Eseo 610,23+1,42 68,11+2,57
Carry Esp 948,97+2,13 99,89+5,32
Carry Es2 1010,46+5,50 105,17+8,44
Table 3
Partial test values of half of the number of groups
Tests Sample group Strength (MPa) Modul (GPa)
Slip-plane
Elss 75,20+0,59 5,00+0,02
Slip-plane
E245 78,31+2,09 5,23+0,83
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Figure 2. Tensile strength values of samples (MPa)
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Figure 4. Slip Plane tests of sample groups
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Figure 7. Slip plane modul of sample groups

Compression test: In the table 4 are shown compression test results, the EO sample group
with 0° orientation gave the highest compression strength and modulus value. Compression
strength of E 0 sample group was found as 1394.42 MPa and compression modulus as 127.33
GPa. In the prepreg layers used in the directions, it was observed that the compression
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column graphics, the sample groups codings specified in Table 1.were used.

In the indicators of the

Table 4

Compressive strength and compression modulus values of sample groups
Sample | orientation Comppression Compression
Group strength(MPa) modulus(GPa)

Eo 00 1394,42+5,25 127,33+2,01

E90 90° 281,61+1,08 10,01+0,2

E442 40/40/20 798.,82+3,11 63,74+1,17
E262 20/60/20 647,45+1,59 35,52+0,85
o % =
1200% o
Compressive % -
S strength / '
dayani (MPa) % Pl
400"
200
0
EO E90 E442 E262
Nui Sample groups
Figure 8. Compressive strength of samples (MPa)
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Figure 9. Sample compression modulus values (GPa)

SEM: It was thought that the matrix system epoxy resin, which is a matrix system, wettability
and interfacial adhesion of unidirectional carbon fibers as a reinforcement system, from
Scanning Electron Microscope (SEM) SEM micrographs. Fiber directions could be clearly
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seen on micrographs. In addition, it was clearly seen that the amount of fiber per unit area
increased in line with the increase in carbon fiber ratios in the orientations and that the carbon
fibers showed a regular distribution.

During the separation of the fracture surfaces, there appears to be permanent plastic
deformation adhesion on the fiber from the matrix, which supported their high interface
bonding. It supports the EO sample group, where the brittle fracture is observed where the
fiber and matrix are seen in the same fracture plane, giving a better mechanical strength result
than the other samples.

Figure 10. SEM micrograph of the samples
a) SEM micrograph of the EO sample group at 500X magnification b) SEM micrograph of the
EO sample group at 1000X magnification ¢) SEM micrograph of the E90 sample group at
250X magnification d) SEM micrograph of the E90 sample group at 1000X magnification €)
SEM micrograph of the E45 sample group at X250 magnification f) SEM micrograph of the
E45 sample group at X1000 magnification g) SEM micrograph of the E442 sample group at
X750 magnification h) SEM micrograph of the E442 sample group at X1000 magnification

Conclusion: As a result of mechanical characterization studies showed that, the directional of
the fiber is very effective on the mechanical performanceof the composite. The 0° orientation
gave the maximum tensile strength 1713,48 MPa and tensile modulus 127,12 GPa. When the
0o orientation ply increase on multi-directional composite materials, the tensile strength of
the composites samples increased. The in-plane shear strength 75,20 MPa and modulus 5,00
MPa were found with the £45° orientations of the plies of the composite materials. When the
0° orientation ply decrease on multi-directional composite materials, the bearing strength and
modulus of the composite samples increased. The maximum bearing strength 1010,46 MPa
and the maximum bearing modulus 105,17 GPa was found. The SEM micrographs taken from
fracture surfaces were examined, the carbon fiber epoxy composites showed good wetting of
fiber with resin. The fiber directions are shown clearly with the micrographs.
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